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1. NATURAL RUBBER. 


INDIA-RUBBER is obtained from a number of trees 
of which the most important is the para rubber 
This tree yields the finest 


tree, Hevea Braziliensis. 
of all rubber, and, as its 


name implies, is indi- 
genous to Brazil. In 
recent years, however, 


numerous experiments 
have been made to culti- 
vate para rubber trees 
in other parts of the 
world, many of which 
have proved very success- 


ful. Hevea Braziliensis 
requires for its cultiva- 
tion a moist, warm 


climate; it has been found 
to thrive particularly well 
in the Malay Peninsula, 
as well as in Ceylon. It 


can also be grown suc- 
cessfully in Guiana and 
certain parts of Africa; 


but the greater portion of Africa, as well as Mexico 
and the West Indies has been found unsuitable 
for its growth. The output of plantation rubber, 
however, is as yet small compared with that of wild 
rubber. Figure 84* is an illustration of a rubber 
plantation in Malaya. Figure 85 shows the flower 
of the para rubber tree. 





FIGURE 84. 
A Rubber Plantation in Malaya. 


In Brazil, wild rubber trees are generally tapped 
by a single incision in the bark. Plantation trees 
are usually tapped by cutting the bark in one of the 
three manners shown in 
Figure 86, though other 
methods of tapping have 
also been tried. Each 
day, or less frequently, a 
thin shaving of the bark 
adjacent to each of the 


cuts is pared away. The 
milk, or rubber latex, 
which exudes from the 


cuts, runs down the central 
channel, and is collected in 
a vessel placed to receive 
it. The rubber has then 
to be separated from the 
latex. In the case of 
Brazilian wild rubber, this 
is effected by subjecting 
the latex to the smoke 
produced by burning cer- 
tain nuts, and so on; but in the case of plantation 
rubber the latex is generally coagulated by the 
addition of dilute acetic acid. Plantation rubber is 
also washed and rolled in special machines, and then 
dried (an operation effected in Malaya by smok- 
ing the rubber), before exportation; wild rubber 
has to be treated in this manner after exportation, 


‘ Our heartiest thanks are due to the Malay States Developinent Agency for photographs reproduced in Figures 84, 85, 87 and 88. 
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and several manufacturers also re-wash and dry 


plantation rubber, though this 
process is not really necessary. 


drying, the rubber is compounded with various 


mineral matters, and vulcanised 
it a small quantity of sulphur. 


This vulcanisation renders it 
tougher and chemically more 
inert. Vulcanite itself is manu- 


factured by combining rubber 
with a much larger quantity of 
sulphur. 

The washing process frees the 
rubber from all mechanical 
impurities, such as_ pieces of 
wood, vegetable fibres, and so on, 
and also any soluble impurities. 
The product obtained is des- 
cribed as technically pure, but it 
is not chemically pure. Besides 
pure rubber, or caoutchouc, it 
contains various resinous, albu- 
minous and mineral matters, as 
well as small quantities of an 
oxygen compound discovered by 
Dr. Weber,* possessing the 
empirical formula C,; Hy, O;. 
In para rubber, the amount of 


resin varies from one to four 


certain low grade rubbers it may reach as much as 
The resinous matter is removed, for 
purposes of analysis, by extraction with acetone. 


forty per cent. 


separation of the proteidsor 
albuminous matters is best 
performed by centrifuging. 
The percentage of mineral 
ash left after combustion 
is generally very small. 
Pure rubber, or caout- 
chouc, is a hydrocarbon 
with the empirical formula 
C, H,. Its molecular 
weight is not known, but 
that it is very high may 
be safely concluded from 
the properties of the sub- 
stance. Its true formula, 
therefore, is some un- 
known multiple of C; Hy: 
in consequence, it is 
written (C; Hy,)a.+ Its 
colloidal nature renders it 
a difficult body to study, 
like other colloids 





since 


it possesses no definite melting point or solubility ; 
chemically active 


moreover, it is not a 


Journal of the Society of Cheniical Industry, 1900. 
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repetition of the 


After washing and however, 


by combining with 


FIGURE 83. 


The Flower of the 


Para 


per cent.; but in 
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FIGURE 86. 
Methods of Tapping. 
Half Herring-bone 


formula:— 
bc dy. 


See also 
Rubber ” (1902), pages 7—11. 


pe lyterpenes. 


In the sense that sugar is 
caoutchouc is not soluble in any liquid. 
certain 
benzene, carbon disulphide, and so on) are poured 
on to rubber, it swells very much, forming first a 





Rubber Tree. 


“terpenes,” are obtained. 
(Methyl divinyl), C,;H,: 
known as caoutchene), C,)H,,3: Heveene; and certain 
Dr. Weber gives the following table, 





b. 


Carl Otto Weber, 


Basal V. It 
CH; 
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water, 
When, 


spirit, 


soluble in 


fluids (e.g., petroleum 


jelly, and ultimately a_ very 
viscous fluid. That the product 
is not a true solution of rubber, 
but rather a solution of the so- 
called solvent in rubber, is 
evident from the fact that on 
the further addition of the 
‘solvent’ to the fluid jelly, the 
latter tends to separate out. 
Certain other fluids, such as 
water, alcohol, and so on, which 
do not form fluid jellies of this 
sort with rubber, are gradually 
absorbed by it, water to the 
extent of twenty-five per cent., 
alcohol to that of twenty per 
cent., the rubber becoming much 
distended in the process. 

On the dry distillation of 
rubber, various hydrocarbons, 
all possessing the empirical 
formula C;H,, and belonging to 
the group of substances known as 
These include Isoprene 
Dipentene (at one time 


showing the result of dis- 
tilling three kilogrammes of 
carefully washed and vacuum- 
dried para rubber. 

per cent. 
186 grms. 6: 
1380 4s +6:0 
S10" 5, 17-0 


dS 


Isoprene 
Dipentene 
Heveene 





Polyterpenes ... 806 ,, 26°8 
Carbon residue SO igs 1:9 
Mineral residue 16 4 0-5 
Loss (water and 

gases) - 43, 1-4 


Of these products iso- 
prene is the most interest- 
ing, because it polymerises 
spontaneously, partly into 
dipentene and partly into 
caoutchouc. Isoprene 
is a colourless liquid, boil- 
ing at 37° under normal 
atmospheric pressure. 
has the constitutional 
C—CH=CH, 
CH, 


Ph.D., “The Chemistry of India 


Gladstone and Hibbert (Journal of the Chemical Society, 1888) concluded from an examination of the refractive index 
of rubber solution that caoutchouc contains three ethylene bonds, and that, therefore, the simplest formula possible for it 


is Cio His. 


Their evidence, however, is not conclusive, owing to the method of calculating molecular refractivities employed. 
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Its polymerisation into dipentene (a resemblance to rubber, whereas by “synthetic rubber” 
hydrocarbon present in Russian and is meant a body chemically and physically identical with the 
natural product, though prepared by artificial means. The 
most important rubber substitutes are obtained by boiling 
linseed or other oils with sulphur, or acting on them with 
disulphur dichloride, when chemical combination takes place. 
They are used commercially for mixing with certain low 
grade rubbers. 

The synthesis of rubber divides itself into two processes, 
(i) the production of isoprene, (ii) the polymerisation of 
isoprene to caoutchouc. 

As we have already noted, the second of these processes 
takes place spontaneously, but it may be facilitated by 
means of concentrated hydrochloric acid, or by saturation 
of the isoprene with oxygen or ozone. The latter process 
is as follows* :—The isoprene is saturated with oxygen or 
ozone, allowing twenty volumes of oxygen to one volume 
of the hydrocarbon, and spreading the treatment over about 
six hours. The liquid must be kept cool during the process. 
It is then placed in an autoclave and heated to 100°C, 
until it is converted into a viscous mass. The resulting 
caoutchouc is dried by evaporation, or precipitated by means 
of alcohol. A_ solution of isoprene in benzene may_ be 
used instead of the pure substance. The heating is not 
absolutely necessary, though advisable. 

Another method is to act on the isoprene with one of 
the alkali metals, (e.g., sodium or potassium) or an alloy of 
one of these metals.+ 

To turn to the preparation of isoprene. The following 
A Rubber Tree, Government Plantation, Kuala, method} is interesting scientifically, because it is a true 

Lumpur. = ee eet : epi ae i ‘ my : 
synthesis of isoprene, in which it is built up from simplet 


¥S 


é 








FIGURE 87. 


Swedish turpentine) is shown by the following equation 

CHs_ CH,+CH-e 

C-—CH C—-CH, 
CH, CH.=CH~ 

2 molecules Isoprene. 

CHa, , CHa—CHa_ 

56 — CH ~“C—-CH; 
CH, CH.—CH 


1 molecule Dipentene. 





and it is presumably by some similar, though more compli- 
cated, reaction (that is, involving more molecules of 
isoprene) that it is changed into rubber. 





II. SYNTHETIC RUBBER. 
j Some of the greatest achievements of chemical science 
in recent times have been in the direction of the synthesis 
from inorganic materials of various important products of 
the vegetable and animal world. Since the day in 1828 
when Wohler performed the first synthesis of this nature— 
the preparation of urea from ammonium cyanate — an 
immense number of animal and vegetable products have 
been artificially prepared in the chemical laboratory, amongst 
which caoutchouc must now be included. 

Synthetic rubber must not be confused with the various 





rubber substitutes and imitations of rubber which have from FIGURE 88. 
time to time been placed upon the market. Such rubber Tapping Rubber Trees, Government Plantation, 
substitutes and imitations are bodies with merely a superficial Kuala, Lumpur. 


English Patent, 1910, No. 14,041. A. Heinemann, Improvements relating to the Polymerisation of lsoprene. 
+ English Patent, 1910, No. 24,790. F. E. Matthews and E. H. Strange, Synthetic Caoutchouc. 
; English Patent, 1907, No. 21,772. A. Heinemann, A Process for the Synthetic Production of India-rubber. 
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bodies. Acetylene and ethylene are combined to 
form divinyl by heating them together in a_ tube 
raised to a dull red heat; and the resulting divinyl 
is converted into the methyl derivative (isoprene) 
by the action of methyl chloride, thus:— 

CH=CH + CH2=CHz, CH.=CH.CH=CHz 
Ethylene. Divinyl. 


Acetylene. 











His apparatus is shown and described in Figure 89. 
Mr. Heinemann, whose patents we have already 
referred to, finds that the yield of isoprene may 
also be very considerably improved by passing the 
turpentine vapour over finely-divided copper or 
silver, or, better, by using tubes made of either of 
these metals. The temperature must be kept low, 








FIGURE 89, Dr. O. Silberrad’s Isoprene Apparatus. 


The apparatus consists of a heating coil a, inside a heating chamber « 


provided to determine the temperature. From the heating coil, a pipe ¢ leads to a water- 
coil / pass into a vessel 4, and the uncondensed vapours pass through a pipe 4, provided with a m 
i xduced by means of the vacuum and ¢ 
Isoprene is condensed in the coil J, and is collected in the chamber ~ 


hydrocarbons are collected in the vessel x. The vacuum is pr¢ 
cooling coil A, immersed in brine contained in the chamber ¢. 


vapour passes by the pipe s to the chamber ¢, immersed in the brine contained in the vessel z. 


CH, = CH. CH |= CH: CH, = cH? CM: 
CH, 
+ CHCl 


Methyl divinyl or Isoprene. 
+ HCl 


Methyl] chloride. 


The methods of producing isoprene from common 
substances of a more complex nature, whilst not 
exactly syntheses of this substance, are, however, of 
more importance commercially. 

It was some time ago that Sir William Tilden 
discovered that isoprene could be obtained by 
passing turpentine through an iron tube heated to 
a dull red heat ; but the yield was very small, being 
only about six per cent. Dr. Silberrad* finds 
that the vield is: very greatly increased if the 
turpentine is heated under such conditions that the 
vapour is produced in a highly rarefied condition. 


é, heated by the products of combustion from a number of gas burners c, 


electric pryrometers, a, @, being 
woling coil 4 situated in a water chamber go The hydrocarbons condensed in the 
rcury-gauge @Z, into another condensing chamber #z, from which further 
ympressing pump 9, and the vapours passing the pump pass through a 
i From the chamber », the uncondensed 
A blow-off valve 7 is provided from the top of this last condensing chamber, 


about 450°C. in the case of silver, or 30°C. higher 
in the case of copper, otherwise the isoprene is 
converted largely into dipentene.! 

The latter chemist has also patented a_ very 
interesting method of converting carbohydrates, 
such as cane sugar, starch or cellulose (sawdust) 
into isoprene}, as follows :—The carbohydrate is 
first converted into laevulinic acid by boiling with 
dilute hydrochloric acid. To this substance are 
added one and a half parts of phosphorus trisulphide, 
and the mixture heated in a retort to 130°-150°C. 
A violent reaction takes place, and_ thiotolene 
(CH, — C, Hs — $) is produced, thus,— 

CH.—CHy PSs CH—CH 


CHs—CO CO.OH ——> CHs—C CH 


Laevulinic acid S 
Thiotolene 


English Patent, 1910, No. 4,001. O. Silberrad, Ph.D., Improvements in the Manufacture of Isoprene. Our thanks 
are due to Dr. Silberrad for a photograph and particulars of his apparatus not given in the English Patent Specification. 
| English Patent, 1910, No. 14,040. A. Heinemann, Improvements relating to the Production of Isoprene. 


English Patent, 1908, No. 13,252. A. Heinemann, A Process for Converting Carbohydrates into Hydrocarbons. 
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Phosphorus pentasulphide may be used in 

place of the trisulphide, in which case thiotenol 
CH*—CH _ is obtained instead of thiotolene. 
CH;—C C.OH 
S 

The thiotolene or thiotenol is converted into 
isoprene by reduction with hydrogen, effected by 
passing a mixture of either compound with 
hydrogen over finely-divided copper or iron at a 
temperature of 300°-500°. 

CH-—CH CHz 
CHs—C CH + 2Hy CHs—C + Ess 
SS) CH=CH, 

The ring breaks at the point indicated, the sulphur 
first combines with the metal, and the resulting 
sulphide is then reduced by the hydrogen, giving 
sulphuretted hydrogen, the above equation showing 
the final state of affairs. Above 500°C the isoprene 
is converted into dipentene. 

Drs. W. H. Perkin and C. Weizmann have 
patented+ a process for preparing isoprene from 


t U.S. Patent. No. 991,453. W.H. Perkin and C. 
In this connexion we must bear in mind that it is not without the region of possibility that natural rubber may owe some of 
its valuable properties to the intimate mixture with the caoutchouc of the small quantity of other substances present. Tests to 
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amyl alcohol. Two parts of the latter are allowed 
to stand with one part of zinc chloride for twenty- 
four hours and then distilled. This process 
eliminates the elements of water from the amy] 
alcohol, and the resulting amylene is converted into 
isoprene by passing through a heated tube. Thus: 

CsHn.OH — HO C;Hw CsHs + Ha 
Amy] alcohol. Amylene. —Isoprene. 

A good deal of work is still being expended on the 
problem of the inexpensive production of caoutchouc 
by artificial means, and further results may soon be 
expected. As to whether the synthetic article will 
ever prove a dangerous rival to natural rubber it is 
not possible to say.} Doubtless, in course of time, 
increasing numbers of natural products will be 
replaced by substances identical in all their properties 
but chemically prepared ;—doubtless, also, synthetic 
caoutchouc (which at present is in its merest infancy) 
has a future before it and will one day play a 
part in helping to meet the already enormous and 
rapidly increasing demand for india-rubber. But 
there is no cause for fear of any decay in the 
rubber-growing industry on this account. 


Weizmann, Process of Manufacturing Isoprene. 


settle this question and to determine whether the synthetic, chemically-pure caoutchouc (as obtainable at present) is really 
physically identical in all respects with the natural article, do not appear to have been carried out. 


SOLAR DISTURBANCES “DURING JANUARY, 1912. 


By FRANK 


ADVERSE weather has much hindered Solar study during the 
past month. At the same time the Sun has preserved a con- 
dition of almost unruffled quietude to the telescopic observer. 
Only on one day, January 5th, some faculic flecks showed near 
the limb in the south-eastern quadrant, and so not far from 
longitude 25° to 35°. They looked like the remnants of an out- 
break. As the exact position was not measured it is impossible 
to present the usual diagram this month. 


The progress of the cycle of solar phenomena is best shown 
by the table of observations during the past eleven years. It 
gives the number of days on which the Sun was observed, also 
the number when spots were seen or faculae only, and those 
when there has appeared to be a clear disc. 


Year. Observations. Spots. Faculae only. Clear. 
1901 ner 251 are 49 eae — aes — 
1902 dare 270 aes 56 ree 35 179 
1903 Sie 338 vse 200 ae 43 ae 15 
1904. 23. Soa vee (eo 2 0 
1905 mad 345 ce) (eRe Z 0 
1906 oa ao ves, O40 5 0 
1907 ose 350 ica GOO) O 0) 
1908 ate 343 ed we 3 l 
1909 ae 342 és, GAO Ree Z ea 0 
1910 ne 343 seer EO aes 48 ree 7) 
1911 ee 332 wen Ud ae 87 


The consideration of these figures lead to the expectation 
that the time of minimum will occur at the end of the present 
year or early in 1913. The decrease of activity was earliest 
noted in the northern hemisphere, and therefore the earliest 
return may naturally be expected there. 


C. DENNETT. 


The eclipses of the Sun on April 17th and October 10th, 
should be of special interest, as, occurring at a time of 
minimum, the corona may be expected to present what is 
known as a winged appearance. The poles of the Sun are 
marked by short sharp plumed rays, whilst the coronal matter 
is extended into elongated streamers in the equatorial regions. 
It would appear probable the winged circles which figure so 
largely in Egyptian temples, and so on, were designed from 
such a phenomenon. The corona usually seen at the time of 
maximum, as in 1905, is quite different, the polar plumes being 
absent, and the coronal rays appearing to radiate in all 
directions instead of being confined to the equatorial regions. 


Another feature noticeable at the time of minimum is that 
the prominences are fewer in number, and many forms which 
are of frequent occurrence in times of activity are almost if 
not entirely absent. Helium may always be observed in the 
chromosphere as a bright orange line knownas Ds. Frequently 
it may also be observed as a dark line amid spot groups, and 
over faculae. During 1909, 1910, and 1911 the observers who 
co-operate in producing this monthly report have recorded the 
presence of this dark line on 112, 85 and 33 times respectively, 
decreasing with the decrease of activity. 


The observers who contributed the material for the present 
page were Messrs. J. McHarg, A. A. Buss, E. E. Peacock, 
W. H. Izzard, and the writer, at widely scattered stations, yet 
they only succeeded in seeing the Sun on twenty-one days 
throughout the entire month. 


Errata.—In the February number, page 59 in the 5th and 
3rd lines from the bottom read 28° instead of 38°. 








the FACE OF 


THE SKY 


FOR APRIL. 


By A. C. D. CROMMELIN, B.A., D.Sc., F.R.A.S. 








Date. sun. Moon. | Mercury. Venus. Mars Jupiter. Saturn. | Uranus. Neptune, | 
R.A. N.Dec.| RA. Dec | R.A. N.Dec. | R.A Dec. | R.A. .A. S.Dec.| R.A. N.Dec.| R.A. S.Dec. | R.A. N.Dec. | 
Greenwich | = 
Noor nn m h, om h, om h. om. h m m ‘ h, m h. m. 
March 31 > 41 11 34°79 N 26 I 4t'l 13°7 a° S.7°% 5 48° 570 21°9 ; 49 15 O°1 | 7 30°4 21°3 
April 5 ( 60) 15 44 Ss I I 46'0 14°4 S4 6 oo 36'9 »1°8 > 3'O 15°5 20°0 | 7 30°4 213 
c m4 7°9 | 20 11°9 5.25°4 | 1 41 13°0 y De ) 12°0 50°4 21° : Oo 15°0 20'°0 | 7 305 21°3 
15 I 0°7 64 S. 1°3] 1 30% 116 » 15°4 o'o | 6 24°2 35°7 21° 11°7 15°8 20'0 | 7 30°6 1°3 
- 3 st 5 4 25°5 N. >} 119° ie) » N24 | 6 36'4 54°0 21°8 3 14°1 16'0 20'0 | 7 30°8 23°3 
4 > 10°5 I 9 35 N.19 | 3 12°97 6'9 I 6 N.4°8 6 487 5% 1°77 3 160°6 161 oO" eS ae a 
20°4 14°7 | 13 44 3.32°S I 12°9 57 I N.7 7 1 ers 21°7 s 19° 6°3 20'o | 7 31°4 5.4 
| 
PABLE 9 
i 
Date. " Sun Moon. Mars. Jupiter. >. + Saturn. : 
i B I P P B L Q q I P B L, si r, r P B | 
Greenwich 
Noon, ° ° > . hm p ‘ hm hm * 6 
March 31 26°3 -6°5 1"4 T21°S 20°7 0" 277 59 5 406 5°90 9 4 336 4 5 -1'! 22°1 
April 5 we 6B 3454 17 + "4 9 4 50 57 ¢ 5"0 9 448 11 4e 1°2 22°3 
” s 0"4 59 279 4 ' q°1 1°O «151° 9 5 no tran. 5°y 2°9 10 34é@ o 16@ 13 22°4 
15 20°2 134 7 5 133°! 1°7 “490 53 mM 6'o 9° 10 49 #7 1 23m ¥* 22°6 
: Te 147°4 I 4" 5 oP 611M 6'r 2°9 8 54 8 26¢ 1°4 22°8 
Ay 3B 79 1977 s¢ 94" 45 «9 29m 6°3 2°9 449¢ 9 38m 1°5 22°90 
44 +" 15 10°4 I 6'4 48°6 Os"! 4 Ey 6"4 0 5 4m 6 4o¢ 16 23°I | 





TABLE 10. 


Greenwich Civil Time (day beginning at midnight) is used throughout these notes: 
P denotes the position angle of the axis of the body measured eastward from the N. Point of the disc. 


evening respectively. 


B is the Helio-(planeto-)graphical latitude of the centre of the disc. 


m,e are used to denote morning, 


L denotes the longitude of the centre of the disc, and 


T the transit of the zero meridian across the centre of the disc. In the case of Jupiter, System I of longitude refers to the Equator, 


System II to the Temperate Zones. To find intermediate values of T apply multiples of 24" 394™, 9" 503”, 9» 553™, for Mars, 
Jupiter I, Jupiter II respectively. ©, q for Mars are the position angle and amount of the greatest defect of illumination. 


THE SUN continues its rapid northward march, and by 
April 21st has attained half its maximum North Declination. It 
rises at Greenwich at 5" 38™ on April 1st, 4" 36™ on April 30th; 
sets at 6" 30™ on April Ist, 7" 18™ on April 30th. The semi- 
diameter diminishes from 16’ 1” to 15’ 54”. 


THE Moon is Full April 1° 10" 5™e, L. Q. 9% 3" 24™ ¢, New 
17711" 40" m, F.Q. 244 8" 47™ m, Full May 1° 10" 19™ ma. 
Apogee April 10° 1" m, semi-diameter 14' 48”; Perigee 
22° 10" e, semi-diameter 16’ 12”. Greatest libration 5° W 
April 3°, 7°S 9", 5° E 16", 7° N 23%, 5° W 30°. The letters 
indicate the region of the limb (considered with reference to 
our sky) carried into view by libration. Observers should 
take advantage of favourable libration for studying the region 
near the limb. 





Date. Star’s Name. Magnitudes. 

IQI2. 

Apr. 2 | BAC 4554 7°8 
a | 86 Virginis 56 
— @ | Antares i*3 
2 BAC 6525 6°2 
oo 18 BAC 7237 6'2 

21 BAC 1848 5 6 
« 2 136 Tauri 16 
21 BAC 1918 = 6'I 
23 47 Geminorum , 56 
23 | w! Cancri ; se ety 6'l 
ca RS w* Cancri 6'2 


TABLE 11. 


PARTIAL ECLIPSE OF Moon, APRIL 1ST.—First contact 
with penumbra 7" 55" e; First contact with shadow 9" 26" e, 


183° from N.Pt. to E., Mid-Eclipse 10" 14™ ¢, one-sixth of 


disc eclipsed; Last contact with shadow 11° 3> 2@, 235° from 
N Pt. to E., last contact with penumbra Apr. 2* 0" 34" m. 
Tha outer part of the penumbra has no visible effect, the 
inner part produces a smokiness on the disc. This eclipse is 
visible throughout Europe and Africa, in Western Asia and 
Eastern America. 

ANNULAR-TOTAL ECLIPSE OF THE SUN, APRIL 17TH.— 
Details of the central line across Europe of this interesting 
eclipse were given last month. It is the largest solar eclipse 
in the British Isles since that of March, 1858, of which it is a 
return after the triple Saros. That was the third of three 
annular eclipses in Great Britain at eleven-year intervals. 

The line where the magnitude is 7% of the Sun’s diameter 
runs from Cape Clear through Tipperary, Greenore, Down- 





: | 
Disappearance. Reappearance. 


Angle from | Angle from 


| 
Mean Time. N. to E. Mean Time. | N. to E. 
2 ss 
hm hin 
° 9.43 ¢ 354 
1.27 m 114 2.40 m 313 
6.26 m 40 — — 
— 3-48 m 297 
— 4.51 242 
6.57 « 39 7-34 € 328 
7651 115 8.47 ¢ 253 
10.47 ¢ 93 11.36 e 275 
0.55 90 140 ” 290 
7 1Ye 1cO 8.27 e 293 
a ee 159 5.49 ¢ 241 














Occultations of stars by the Moon visible at Greenwich. 


patrick, Wigtown, Edinburgh, Fifeness. The ;’o line begins at 
Start Point, and runs just south of Oxford and King’s Lynn. 
The largest eclipse in the British Isles occurs on the coast 


90 














XUM 





eee nt tat 











MARCH, 1912. 


from Dungeness to Dover, where ;*; of the Sun’s diameter 
are covered. The smallest occurs in the island of Lewis 
where the magnitude is 775. (It may be mentioned that the 
central line of the annular eclipse of 1921 crosses Lewis.) 

The following table gives particulars of the eclipse for 
various British Stations. The times are in Greenwich time 
except for Ireland, where they are in Dublin time. The letters 
m,e are not inserted, as they can readily be inferred, the 
eclipse being in the middle of the day. 


} Armagh. | Dublin. | Glasgow. 


| —_ oo | 
| 
| 


toh. 24m. | roh, 23m. 


| 

} 

| 

ma } 

” 
First contact 
| 

| 


| Angle from North Point 221 222 222 

| Angle from Vertex... ee “ 240 242 238 

| Greatest eclipse .. aa ...| Ith. 4om. | rth. 39m. | oh. rom. 

| Magnitude ... wee bag 5 ‘789 ‘S10 ‘789 

| Last contact ar se .| Oh. 57m. | oh. 58m. ] rh. 26m. 
Angle from North Point .. F 60 65 67 

| Angle from Vertex... 55 53 54 


The angles are measured from North Point or Vertex 
towards the East. The partial eclipse is visible in Eastern 
America, throughout Europe, Northern Africa, and Western 
and Central Asia. 

MERCURY is fairly well placed as an evening star at the 
beginning of the month, setting in England about 1} hours 
after the Sun; diameter 9”, } of disc illuminated. It is in 
inferior conjunction on the 15th. It is 3#° West of the Sun 
during the eclipse on the 17th, but, being such a thin crescent 
will scarcely be seen. At the end of the month southern 
observers will see it as a morning star; diameter 10”, 4 of 
dise illuminated. 

VENUS is still a morning star, better placed for southern 
observers than in England. Her diameter diminishes from 
11” to 10", +4 of the disc are illuminated. She will be some 
20° South-west of the Sun during the eclipse, and will doubtless 
be readily discernible in all places where the eclipse is large. 


Mars is an evening star. Its disc is becoming too small 
for useful work. The diameter diminishes from 6” to 5”. It 
. , ~ ~ . . 
is 20° South of « Geminorum on April 21st. 


JUPITER is now well away from the Sun, and favourably 
placed for southern observers. The polar diameter increases 
from 38” to 41”. The equatorial is 2?” greater. Defect of 
illumination +”. The diagram shows the configuration of the 
four large Satellites at 2" #2, for an inverting telescope. 

| 





I Jay. West. East. | I Jay. | West. East. 
Fecee 
Apr. 1 | “oO 32 Apr. 16 | 4l2 3 
iors 21 ) 43 17 24 13 
ora 2 © 34 , 18 423 1@ 
| 1324 £, 16 31 24 
7 5 | sh © 24 » 20} 32 14 
» 6] 32, O 14 21 | 3l2 4 
a, | zt 4 2@ 22 | 3 O 124 
8 | 3124 Rae | i -Gb 34 
9 | } 43 , 24 | 2 134 
a0 24 13 25 I 2° 
sy LI | 4 3 1@ ss 20 | 3 © 42 
ae 431 3 27 | 342 I 
» U3 432 I ss ee 431 
+ 4 43! 20 ss: 201 43 12 
15 43 12 30 | 41 © } 


Phenomena visible at Greenwich (all in the morning hours 
unless marked ¢) :—I. Ec. D. 24 35 23™ 1°; I. Sh. I. 34 0" 29™, 
I. Ee E 2 368. Ib Sh, Ee 2 42 Fe Tre Be 3° 403 
J. Oc. R:'4* 1°.9", 111. Sh. 1. 4°40"; H. Sh, 1. 5° 4 32"; 
il: Oc. Ri 72? 31" WE Oc. Re 8 i 177: Fo Ee, 0, 
of 3 16" 2: 1. Gh L, 1 S21 Te FH, LE. 


toh. 54m. 
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4° 35) J. Ec. De 10° 11" 44° 45%¢: 1. Oc. Ra ii 2 56: 
EF. Tr. E:. 12°0" S* 3 Il. Ec: D4" 18" 56" = i Ben: 
15° 0? 50" 57%, TEL Oc. D; 2° 58", Ik. OG). Rv 4 52 
TE. Fe. B. 16°°0" 50": 1. Shel. 32° 45 13: To bee 
18° 1° 38°" 13%, I. Oc. Re 4°45": §. Tek. 18° a0 sole. 
I. Sh: E, 197.0" 57"; 1. Tr: E. 1° 52": I. Oc. R219" 11° 127% e; 
HE. Ec.. D. 21°35" 53" 26": TIE. Ec, D229 3° O° 177 TIE. Een: 
45 49™ 398: II. Sh. I. 22" 10" 59™ e: II. Tr. I. 234 0° 43™, 
Hi. Sh._E. 1 38", Hi: Tr. E. 3°20": J. Ee. D, 25°S" 3" 4s: 





Edinburgh.| Liverpool. | Durham. | Oxford. |Greenwich.|Cambridge. 








1oh. 55m. | toh 51m. roh. 55m | Joh. 50m. | roh. 51m. | toh. 52m 
223 225 224 } 227 228 2238 
237 242 239 244° | | 244 243 

oh. rim. | oh. 9m oh. 12m.} Oh. 9m oh. ilm.) oh. Itm. 
-800 $47 $38 SOG 920 -906 

th. 28m. | th 27m.) th. 3om.} th. 29m.} th. 3°m.! th. 31m. 
60 63 04 60 55 59 
52 | 40 47 | 41 | 39 40 


Ti Shek.. 2670377 Fe Tree ¥.. 26h. Siv Bee Sie ee: 
3” 38": 1. Oc. Ri 27? O SQ"; T. SA 1. 3 1° 3, i rat. 
PF Ih. Sh Bee ie. 

SATURN may still be seen as an evening star, but is drawing 
near the Sun. It is 23° East of the Sun on the 17th, and may 
be seen on the central line of the eclipse. 

URANUS is a morning star, still badly placed. 

NEPTUNE is an evening star, still within the limits of the 
map given in ‘* KNOWLEDGE ” for December. 

METEORS.—The following radiant points are due to Mr. 
W. F. Denning. 





Radiant. 
Date. Remarks. 
R.A. Dec. 
Mar. to May 263° + 62 Rather swift. 
Apr. 12 to 24 210 10 Slow ; fireballs. 
9, 16to25 301 t 23 Swift, streaks. 
» 18t023 189 31 Slow, long. 
sq 20521 261 + 36 Swift, bluish white. 
| 5 <@tez2 271 33 Conspicuous shower, swift. 
vy 200025 218 31 Slow, long paths, 
Bae 8 ee 291 59 Rather slow. 
| Apr. — May 193 5 Slow, yellow. 


on 


| 
| 


| Apr. — May 206 + Swift, streaks. 


| 


MINIMA OF ALGOL (period 2¢ 20° 49™), every third 
minimum given. April 1¢ 11° 14™e, 10° 1" 41™ e, 194 4" 8™m, 
274 6° 35M. 


CLUSTERS AND NEBULAE. 





Name. R.A. Dec. Remarks. 
Hi V. 46) rh 5m N 56°°2 Large faint nebula, 
M. o7 | t! 9 N 55 ‘6 Oval nebula, 2° s.f. 
8B Urs. Maj. 
Hi I 270'| EE 3 N 59 ‘4 Small bright nebula, 
HI I 270) Ir 13 N 55 ‘6 Elongated nebula. 
NB. 65, 66) FE 55 N 13 °6 Faint double nebula. 
Hi E. 194 | It 21 N 44 ‘2 Large nebula, 
Hi I 173, | IL 48 N 37 6 Large nebula. 
Hi I 19} 32. g N 19 °1 Cluster. 
Hi \'e 43 | 12 14 N 47 °9 Large oval bright 
nebula, 
Hi I 65 | 12 19 S 18 *2 Nebula 
M. 85 | 12 20 N 18 °8 Nebula, 
HI. g2 | 12 3h N 28 °5 Nebula. 
Hi I. $4 2 46 N 26 ‘o Nebula. 
M. 64 | 12 52 N 22 °3 Large bright nebula. 
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DouBLE STARS.—The limits of R.A. are 11" to 13". 


Angle. 


Star. Kight Ascension. Declination. Magnitudes. N. toE Distance. Colours, ete. 

h om | 
~ 1520 ty ; te 49 N 53°°3 64, 8 344° 13 White, blue. | 
€ Ursae Maijoris.. it 43 Ng2'"4 45.5 120 3 Yellow, white. | 
v Ursae Majoris ee Il 14 N 33 6 4, 10 147 7 Yellow, white, blue. | 
« Leonis... vA II 19 N 11 ‘0 ej 49 2 Yellow, blue. 

83 Leonis ... ; ‘ [f 22 N° 36 6, 7 151 29 Yellow. — 
57 Ursae Majoris ; II 24 N 39 '8 5, 38 fe) 53 White violet. 
9g? Leonis ... ; - 1I 30 N 17 °3 6, 7 211 3 White, blue. 
Another star in position. 234 63 
PPAe, It... , If 32 N 28 3 6, 7 351 : White. | 
rith magnitude star in position, 148 21 
Groomb 1809 It 34 N 64 °9 ; 63,8 321 2 White, ash. 
> 1579 11 50 N 47 ‘0 | 6, 8 38 4 White, blue. 
7th magnitude starin position, 114 63 
2 Comae ... 12 oO N 22 ‘0 O77 238 4 White, blue. 
W. B. (2) XIL. 56 12. 6 N 40 ‘4 6.7 334 I White. 
> 1639 12 20 N 26°! 6, 8 350 I White, ash. 
24 Comae c2. 41 N 18 ‘9 Pa 271 20 Yellow, blue. 
y Virginis ... 12 37 S £0 ae 325 6 Yellow. 
35 Comae ... 12 49 N 21-7 ae a 85 a | Triple. 
125 20. 5 
a Can. Ven. ‘ £3 N 38-8 205 227 20 Yellow. 
> 1604 12 49 N 83-9 c. « 327 21 Yellow, blue. 
> 1695 12 §2 N 54-0 6, 8 284 ‘ 3 White, blue. 


THE TINTS AND SHADES OF AUTUMN WOODS. 


By P. Q. KEEGAN, LL.D. 


(Continued from page 5 


WHAT then is the specific cause of the autumnal 
red colouration of the forest leaf? It is undoubtedly 
produced similarly to that of the red petal (see 
January number of this journal, page 15), the 
albuminoid molecule is disrupted, but not because 
there is a violent demand for its nitrogen and 
phosphorous elsewhere (i.¢.,in the pistil), as in the 
case of the floral organ. No, the disruption of 
autumn ensues because the cell plasm gradually 
loses its vitality ; nitrogen becomes deficient, but it is 
not drawn away, nor is it reproduced in doco; there 
is a different chemism because there is a change of 
nature of the plasm, and so long as it still lives it 
can do with less nitrogen, the nitrogenous content 
of forest litter being in all these special cases com- 
paratively small. Moreover, behold also a most 
interesting difference! The physiological processes 
going on in stamens and pistils in connection with 
fecundation and reproduction are so vigorous and 
powerful that special and peculiar tannoid chromo- 
gens are produced in the petals, which frequently 
evolve extremely vivid and brilliant pigments. But 
this is not the case with the fading glories of 
the woodlands. The autumn leaf is far too feeble 
and exhausted to permit of any such demonstration 
of energy. The tannoid of its early life is gradually, 


~ 


as the summer months elapse, converted into 
tannin, which, moreover, may have a _ different 
chemical composition and constitution from that 
which the flower of the same plant evolves, or 
may evolve. Thus, in the petals of Foxglove, 
and so on, tannoids are found which are utterly 
absent in any of the other organs at any period 
of their existence. 

On the other hand, where, as in the yellow, 
brown, and russet leaves, the albuminoid becomes 
insoluble and passive and remains permanently 
stored up, as it were, there is no special deassimila- 
tion thereof ; its chemical transformation has ceased, 
and hence there is no fresh production of tannin and 
pigment. Hence the brown shades may be regarded 
as a mere decomposition product, dull and dead, 
which ultimately impregnates the dry coagulated 
cell-contents massed against the equally lifeless cell- 
wall. We have already seen how this phenomenon 
coincides with a high percentage of total ash con- 
taining a very high percentage of silica ; which means 
that the inert physiological condition has permitted 
the encroachment of all this encrusting matter more 
especially upon the epidermal cells, the very spot 
where under other conditions the brilliant autumn 
tints are specially evolved. 
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ON THE RESEMBLANCE OF THE FLORA AND 
FAUNA OF IRELAND TO THAT OF THE SPANISH 
PENINSULA. 


By RK. F. SCHARFF, Pu.D., B.Sc., F.LS. 





THE late Edward Forbes long ago drew attention to acquired quite an exceptional interest among 
the remarkable fact that in the south-west and west naturalists. One of the most conspicuous plants in 
the neighbour- 
hood of Killarney, 
in the south-west 
of Ireland, is the 
Strawberry - tree 
(Arbutus unedo), 
a beautiful ever- 





appre tonnntcen 



































| green bushy tree, 
: bearing in the 
early winter 
: pretty red globu- 
lar berries, which 
] have given rise to 


its popular name. 
Frequently culti- 
vated in gardens 
in the south of 
England, it only 
grows wild, out- 
FIGURE 90. side the Irish 
boundaries, in the 














The Spotted Slug (Geomalacus maculosus) and a Map 


showing its distribution. Spanish Penin- FIGURE 92, 
sula, along the Trichoniscus vividus, found in 
of Ireland there exists an Ireland, Spain and the Pyrenees. 


assemblage of plants which 
do not occur elsewhere in 
the British Islands, although 
apparently native in the 
north of Spain. Several 
writers have subsequently 
commented on this feature 
in the Irish flora. Not many 
plants belong to this ‘ Lusi- 
tanian element” in our flora, 
yet thev are sufficiently 
recognisable to have attracted 
the notice of every observant 
botanist who has. visited 
Ireland. Since Professor 
Forbes wrote his well-known 
essay on this subject,* a few 
species of plants unnoticed 
by him have been added to 
this Lusitanian flora; and 
what is more remarkable, it 
has been’ discovered — that 
there are also a few animals 


borders of the Mediterranean 
and in the extreme south- 
west of France. A much 
commoner plant, though less 
noticeable, is the well-known 
London Pride of English 
gardens (Saxifraga umbrosa). 
Like the last it is only native 
in Ireland, where it grows in 
abundance in many of the 
southern and western 
counties. On the Continent 
it is only known from the 
Spanish Peninsula and the 





Pyrenees. 

A closely allied Saxifrage 
(Saxifraga geum), differing 
from the last in the shape 
of its leaves, has a_ similar 
foreign range, and is confined 
in the British Islands to the 
mountains of Kerry and 





which possess a_ similar Cork. The large - flowered 
° ° ° ° ‘IGURE 91. i ° . _ 
geographical distribution. FIGURE 91 Butterwort (Pinguicula 
This peculiarity in the Irish Rhopalomesites tardyi and a Map showing grandiflora, see Figure 93)*, 
flora and fauna has_ thus its distribution. has the same geographical 
Forbes, E.On the connection between the distribution of the existing fauna and flora of the British Isles with the 


geological changes which have affected their area.” “ Geological Memoirs,” Vol. I, 1846. 
| I am indebted to my friend Mr. R. Welch, of Belfast, for the photographs illustrating this article. 
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distribution in Ireland, whereas abroad it extends as in the south of Ireland. Finally, two species 
somewhat further east than the others do, as far as are confined in Ireland to the Hill of Howth on 
Switzerland. the east coast. These are Metoponorthus melanurus 

Two beautiful heaths inhabit the western parts of and Eluma purpurascens. 

These are only a few of the more note- 
worthy examples of Lusitanian plants and 
animals occurring in Ireland and not in 
Great Britain or even in the north of France. 
It is quite evident, therefore, that the 
Lusitanian element in the Irish flora is more 
significant than Professor Forbes had 
imagined. And yet he argued on the strength 
of his own observations on the habitat of 
these plants, that the latter could not have 
been conveyed by either winds or marine 
currents to the stations they now occupy, 
which opinion has since been generally adopted 
by Irish botanists. When we take into con- 
sideration the presence in Ireland of such a 
slug as Geomalacus maculosus, which could 
certainly not have been carried to ireland by any 
of the known means of accidental transport, and 
whose eggs can neither float in sea-water nor 

FIGURE 93. be wafted across the ocean from Spain by winds, 
Large-flowered Butterwort (Pinguicula grandiflora), West Cork. the problem is not so readily solved as some 
recent authorities seem to imagine. It has been 








the counties of Mayo and Galway, and are 
found nowhere else in the British Islands. 
The first of these, known as the Mediterranean 
Heath (Erica mediterranea, see Figure 94), with 
its pretty flesh-coloured flowers, grows abund- 
antly in Portugal and the north-west of Spain, 
while St. Dabeoc’s Heath (Dabeocia polifolia, 
see Figure 95), with its elegant large pink 
bells, has the same range, which extends into 
south-western France. 

Now among animals, as already remarked, 
we likewise possess similar instances of species 
confined to Ireland and the Mediterranean 
region, or the Spanish Peninsula. Most of 
these, however, exhibit a less marked restric- 
tion in their range to the western counties. 
Yet one of the best known examples, the 
Spotted Slug (Geomalacus maculosus, see 
Figure 90), has a geographical distribution 
in Ireland almost identical with that of the 
Strawberry-tree. On the Continent it is 
apparently peculiar to northern Spain and 
Portugal. 

In Dublin and in the south and west of 
Ireland a large spider is frequently noticed, 
which seems to replace to some extent the 
common house spider. It has been named 
Tegenaria hibernica, and is not known from 
Great Britain, though it is closely related to, 
and perhaps identical with, the Pyrenean 
Tegenaria nervosa. , 

Among the wood-lice there are several 
species belonging to the same Lusitanian 





group. The claret-coloured Trichoniscus 
vividus (see Figure 92), for example, occurs FIGURE 94. 
only in Spain and_ the Pyrenees, as_ well The Mediterranean Heath (Erica mediterranea). 
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suggested, indeed, by 
several writers that the 
Lusitanian element in the 
Irish flora is due to or- 
dinary accidental causes, 
such as winds and ocean 


currents. 
When we survey the 
fauna and flora of the 


British islands as a whole, 
we find that there are 
quite a number of Lusi- 
tanian plants and animals 
that are not confined to 
Ireland, but inhabit also 
the south of England. A 
few species have even 
invaded the west of Scot- 
land, although they seem 
to occur, as a rule, more 
abundantly in Ireland 
than in Great Britain. 
Among such plants may 
be mentioned the Irish 
Spurge (Euphorbia 
hiberna, see Figure 96) 
which grows very abund- 
antly in the south and 
west of Ireland, while it is also met with in a few 
isolated spots in Devonshire. As an instance of 
a Lusitanian animal belonging to this group, the 
beetle Rhopalomesites tardyi (see Figure 91) may be 
cited. This weevil is so common in Ireland that it 





FIGURE 96. 


The Irish Spurge (Euphorbia hiberna), 
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FIGURE 95. 


St. Dabeoc’s Heath (Dabeocia polifolia), Roundstone. 


is classed among the most injurious Irish timber 
In Great Britain it is only known as a 
the south-west of England and 


insects. 
rare insect in 
Scotland. 
Hence, we now know that the Lusitanian ele- 
ment in our fauna and 
flora, though much more 
conspicuous in Ireland, is 
not peculiar to that 
country. This fact greatly 
weakens the arguments 
in favour of accidental 
dispersal. To anyone, 
moreover, who has made 
a careful study of the 
mode of occurrence of 
these plants and animals 
in the British Islands, it 
must be apparent that 
they are old-established 
species, most of which 
are being crowded out or 
supplanted by newer 
rivals better fitted to with- 
stand the existing climatic 
conditions. They all have 
a discontinuous range, 
which, as Wallace has 
taught us, is a sure sign of 
antiquity. Most of them 
occur here and there in 
isolated patches or locali- 
ties surrounded by species 


Kenmare, of quite a different type. 
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Professor Forbes’ view of the origin of the 
Lusitanian plants which he thought were confined 
to Ireland, was that Spain and Ireland were once 
directly connected with one another by land, and 
that this provided a safe northward passage for a 
number of southern species. The existing Irish 
members of the Lusitanian element he looked upon 
as the last survivors of this ancient invasion of the 
northern territory, contending that this event must 
have taken place in Miocene times long anterior to 
the Glacial Epoch, when the land in Western 
Europe stood higher than it does now. 


One of the principal difficulties which Professor 
Forbes’ view presents to us is that, if these plants 
wandered northward in pre-glacial times, they must 
have survived the Ice Age in these islands. The 
natural question also occurs to us, could specific 
identity have been preserved in so many instances 
during. such an immense lapse of time from the 
Miocene to the present age ? 


There is no doubt, however, that we have still a 
good deal to learn about the Ice Age and its supposed 
climatic conditions. Much remains quite obscure to 
the present day as to what actually happened during 
this phase of geological history. At any rate it 
cannot be definitely asserted that the Lusitanian 


Scharff, R. F.— European Animals: their Geographical History and Geographical Distribution.” 


THE RESEARCH 


Ir is the work of the Research Defence Society to put before 
the public, and keep before the public, the facts about 
experiments on animals in this country, and the great benefits 
which have been obtained by the help of such experiments. 
These benefits are not limited to men, women and children ; 
the animal world also enjoys the advantages gained by 
experiments on animals. It is better protected against the 
scourging epidemic diseases, such as anthrax, rinderpest, 
bovine tuberculosis, and equine lockjaw; the causes and way 
of infection of such diseases as Nagana and Texas cattle 
fever have been discovered and proved; good advance has 
been inade toward a protective treatment against distemper ; 
and admirable tests have been discovered for the detection of 
tuberculosis in cattle and glanders in horses. 

The Research Defence Society was formed in 1908, to 
remind people what a great national debt of gratitude we owe to 
experimental physiology and pathology. It began with seven 
members, and it already has more than five thousand 
members and associates, and has established Branch Societies 
in all parts of the Kingdom. It has nothing to do with the 
actual making of experiments on animals, nor with advising 
the Home Office over applications for licenses and certificates 
under the Act; nor does it desire the abolition of restriction 
of such experiments in this country. Its work is to publish 
and distribute literature, to answer all enquiries, to make 
all necessary arrangements for debates, and to. give 
addresses and lantern lectures all over the country. The 
minimum subscription for working expenses is five shillings: 
but under-graduates and students of medicine are eligible 
for membership at an annual subscription of half-a- 
Larger subscriptions or donations will be gladly 

Associates pay a subscription of one. shilling. 


crown. 
received. 
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fauna and flora could not have survived the Ice Age 
in Ireland. As for the persistence of specific identity 
through several geological periods, there are some 
instances known to us where this can be proved to 
have occurred. It is possible that all the species I 
have alluded to may have survived from Miocene 
times to the present day, though we possess no 
palaeontological evidence for such a supposition. 
All the same, a better explanation of the presence of 
these animals and plants in the British Islands than 
the one suggested by Professor Forbes, seems to me 
to be that they wandered northward not by a direct 
connection between Spain and Ireland, but along the 
west coast of Europe at a time when the British 
Islands formed part of the Continent, and that most 
of them subsequently became extinct in the inter- 
mediate area when the conditions grew less favour- 
able for their survival. As I have indicated in 
another place, I quite agree with Professor Forbes 
that this event must have happened before the Ice 
Age.* Some species may be of Miocene age, others 
are possibly older or younger. We have no means, 
in the present state of our knowledge, to determine 
this factor, but the whole problem forms one of the 
most interesting chapters connected with the origin 
of our fauna and flora. Patient observation and 
study will in time furnish us with its correct solution. 


London, 1907. 


SOCIETY. 


Of course, the Society wants more members and associates. 
The work keeps growing, and the more it grows, the better 
the Society is pleased. There is an endless amount of work 
to be done. Many of the public know next to nothing about 
the general character and purpose of experiments on animals 
at the present time. The common use of the word “ vivi- 
section’? hides the fact that ninety-five per cent. of all 
experiments on animals, at the present time, in this country, 
are inoculations, or of the nature of inoculations: that is to 
say, they involve no sort or kind of cutting operation on any 
animal. Neither is it known to everybody that no operation, 
more than the lancing of a vein just under the skin, is allowed 
to be done on any animal in this country, unless the animal, 
through the whole of the operation, is under some anaesthetic 
strong enough to prevent it from feeling pain. 


When we consider what measureless and permanent gains 
have been made by mankind, and by the animal world, out of 
the work of such men as Pasteur and Lister, we see the good 
of a Society set apart for the one purpose of keeping the 
public in mind of the facts of the case. These facts have 
been in past years obscured, now and again, by prejudice, or 
by something worse than prejudice. It is the business of the 
Research Defence Society to popularise the whole subject. 
As Bacon said of man. that he is the interpreter of nature, so 
this Society might call itself the interpreter of the interpreters. 
That would be a fine motto for it: “ Interpres Interpretum 
Naturae.” 


We hope that many of the readers of “ KNOWLEDGE” will 
communicate with the Honorary Secretary, 21, Ladbroke 
Square, London, W. He will be very glad to hear from them, 




















THE KNOWLEDGE OF THE DEAD NAPOLEON. 
By A. M. BROADLEY. 


Author of “Napoleon in Caricature,” and so on. 


A CAREFUL study of the various forms of pictorial Mr. Ibbetson’s term of St. Helena services (accord- 
satire relating to Napoleon in connection with my _ ing to the official record) dates from July 28th, 1815, 
book ‘Napoleon in Caricature,” led me incidentally to June 27th, 1823. On the resignation of Mr. 
to collect and examine the numerous portraits (some Balcombe he became “Purveyor to the Household ’ 
of them obviously more or less caricatures), which at Longwood, near which house he took up his abode, 
were made between July, 1815, when he went on He was with Napoleon at the time of his death, 
board the “ Bellerophon,” and his death at Longwood, made a sketch of him as he lay dead, superintended 
nearly six years later. A series of happy accidents the sale of his effects, and afterwards drew up 
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FIGURE 97, 
The adjustment of accounts from March, 1818, and October, 1820, made three weeks after Napoleon's death, between 
Assistant Commissary Ibbetson and Count Bertrand, now in the possession of one of Ibbetson’s descendants. 


enabled me to identifyas the principal of the St. Helena the general statement of accounts now  repro- 
portraitists, Mr. Denzil Ibbetson (1775-1857), an duced for the benefit of future historians of the last 
officer of the Commissariat, who joined the department phase. (See Figure 97). The life-story of Denzil 
asa clerk in June, 1808, and attained the rank of —Ibbetson, written by me and illustrated by a large 
Deputy Assistant Commissary-General in October, number of his unknown and unpublished sketches 
1810. On Christmas Day, 1814, he was promoted of Napoleon and _ his companions in exile now in 
to be Assistant Commissary-General, and in the my collection, will be published in the April number 
following year proceeded to St. Helena on board the of The Century Magazine of New York. One of 
‘“ Northumberland,” upon the deck of which ship the portraits of the Emperor made on board the 
he made his first sketches of the Great Man. ‘“ Northumberland,” given by Ibbetson to Theodore 
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Hook, in 1817, and attested by him, was reproduced 
in facsimile as one of the chief illustrations in 






FIGURE 98. 
Napoleon after death, from the finished oil-painting by 
Assistant Commissary-General Denzil Ibbetson, in 
possession of Mr. A. M. Broadley. 


M. Frederic Masson's 
recently-published monu- 
mental work on_ St. 
Helena. It also appeared 
in my own work, “ Napo- 
leon in Caricature.” 
Much valuable informa- 
tion concerning Mr. 
Ibbetson, who retired 
from the public service on 
June 15th, 1846, with the 
grade of Deputy Com- 
missary - General, and 
died at Brighton eleven 
years later, was given me 
by Lady Ibbetson, the 
widow of his distinguish- 
ed grandson, the late Sir 
Denzil Charles  Jelf 
Ibbetson, K.C.S.I., of the 
Indian Civil Service. Her 
husband’s aunt, Miss Laura Ibbetson, the youngest 
daughter of the Purveyor at Longwood, still lives, and 
amongst other valuable relics of Napoleon owns one 
of the oil-paintings of the dead Emperor, which Mr. 
Ibbetson subsequently made from his original sketch 
of May 6th, 1821. My present concern is solely with 
the posthumous masks and portraits of Napoleon, and 
there can be no doubt but that Ibbetson enjoyed 
special facilities for securing a good likeness. That 
he was capable of executing a good drawing his 
* Northumberland ” portrait sufficiently shows. 

The Ibbetson oil-painting of the dead Napoleon 
measured about thirty inches by twenty-five inches. 
The one in my own collection now reproduced 
(see Figure 98) bears a lengthy inscription in Ibbetson’s 
handwriting. Duplicates of this picture by Ibbetson 
are at Hampton Court, and, as before stated, in 
possession of Miss Ibbetson, and I have quite lately 
discovered that there exists a fourth, which for more 
than twenty years has belonged to a gentleman 


Lithograph published in 
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FIGURE 99, 
1855, after one of Deputy 
Commissary-General Ibbetson’s paintings, in which the 
artist is erroneously described as * Captain Ibbetson, R.I 


Marcu, 1912. 


residing in Edinburgh, and is surrounded with an 
elaborate frame bearing the letter N in each 
corner. At the back of this particular replica 
of Ibbetson’s portrait is a note by the artist similar 
to that on Miss Ibbetson’s copy and on my own 
as follows :—* Painted by D. Ibbetson from a sketch 
made by him (at St. Helena), of Napoleon, the 
morning after his death, which took place in the 
evening of 5th May, 1821, at sunset. The features 
had fallen away during his illness, but the fullness in 
the throat remained. The countenance was very 
placid—the colour of the skin very yellow, and 
there was a redness about the eyes which had the 
appearance as if the head had been beat and 
bruised. A picture similar to this was painted 
by the same person at St. Helena immediately 
after the sketch was taken, and was given by Sir 
Hudson Lowe. on his return to England after 
the death of Napoleon, to King George IV. This 
picture is now at Hampton Court, and it appears 
by a periodical work called The Art Union, that 

. the performance of it is 
erroneously attributed to 
Madame Bertrand.” The 
owner informs me that 
his picture measures two 
feet four inches by nine- 
teen and one-eighth 
inches. It is in fairly 
good condition. The 
Hampton Court copy is 
said to have been given 
by Sir Hudson Lowe to 
King George IV. In 
1855 a lithograph 
‘improved ” from one or 
other of the four Ibbetson 
paintings, and now repro- 
duced (see Figure 99), 
was published, but the 
artist, although still 
living, was erroneously 
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FIGURE 100. 
Napoleon after death, published by S. and J. Fuller, 
31, Rathbone Place, London, July 16th, 1821, and described 
as being lithographed from a sketch made by Captain 
Marryat fourteen hours after death at the request of 
Sir Hudson Lowe, and with the permission of Count 
Montholon and General Bertrand. 
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FIGURE 101. 
Napoleon after death, from a water-colour on straw paper 
by a Chinese artist at St. Helena in 1821. In the collection 
of Mr. A. M. Broadley. 
described in it as Captain 
Ibbetson, R.E. 
Captain Frederick 
Marryat, R.N. (1792- 
1848) the well-known 
novelist, was, in June, 
1820, appointed to the 
‘* Beaver”’ sloop which 
was employed on the St. 
Helena station till after 
the death of Napoleon. 
Marryat was also permit- 
ted to make a sketch of 
the illustrious exile as he 
lay dead on the historic 
Austerlitz camp -bed- 
stead. Of this drawing 
he made and signed 
several replicas in pen 
and ink and wash; one 
of these is now my 
property. Marryat’s 
posthumous portrait of 
Napoleon was almost 
immediately — published 
in England, Germany 
and France. On _ the 
English version we read : 
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a lithograph and also as an etching, and on July 18th 
by J. Watson, as a soft-ground etching.” Marryat 
quitted St. Helena in the “ Rosario”’ on May 16th. 

There were two or three French editions of the 
Marryat plate. In that of 1840 the descriptive text 
reads: ‘‘ Napoleon Gravé par W. Humphrey d’ 
apres le dessin fait a St. Heléne par le Capitaine 
Marryat, C.B., officier de la Légion d’ Honneur, une 
heure aprés la mort de |’ Empreur.” In view of the 
wide-spread distribution of these Marryat death- 
bed portraits it is almost incredible to relate that 
the presence of one of the sketches in a_ local 
museum was quite recently proclaimed to be 
an event of almost world-wide importance. The 
picture was at once reproduced as a great 
historical and artistic discovery in a large 
number of London and 
provincial newspapers, 
to the astonishment and 
dismay of Mr. Clement 
Shorter and other stu- 
dents of St. Helena 
iconography. In the 
interests of true history, 
I addressed the following 
letter to The Times, in 
which the “latest Napo- 
leonic find” had been duly 
announced :—*‘ There are 
several authentic — por- 
traits of Napoleon after 
death in existence practi- 
cally identical with that 
reported to have been 
recently discovered at 
Maidstone. One of these 
(signed by the artist) is in 
my collection. I have seen 
two others, and a fourth 
was lately in possession of 
a granddaughter of the 
artist. Lithographs after 
Marryat’s sketch were 
subsequently — published 


“ee “IGURE 102, ° 
—‘‘ Sketch of Bonoparte, as Pret ” , both in London and 
as laid out on his Auster- Pistrucci’s lithograph of Napoleon after death. Paris. A similar drawing 


litz Camp Bed, taken by 

Captain Marryat, R.N., fourteen hours after his 
decease, at the request of Sir Hudson Lowe, Governor 
of St. Helena and with the permission of Count 
Montholon and General Bertrand.” The drawing 
must have been sent to London almost as soon as 
the despatches announcing Napoleon’s demise, for 
it was brought out by Messrs. Fuller, of Rathbone 
Place, on July 16th following. (See Figure 100.) 

In his admirable book, “A Polish Exile with 
Napoleon,” Mr. G. L. de St. M. Watson says: “It 
was on May Oth, at 8 a.m., that Marryat sketched, 
with an austere frugality of line, his noted profile 
of Napoleon on the camp bed, which he gave to 
Captain Crokat, of the 20th Regiment, and which 
was published on July 16th by S. and J. Fuller, as 


London, 1822-3. 


was made by Deputy 





FIGURE 103. Death mask of Napoleon after Dr. Antommarchi, 
in the collection of Mr. A. M. Broadley. 








100 KNOWLEDGE. 


Commissary Denzil Ibbetson (the grandfather of the 
late Sir D. C. J. Ibbetson), who was the author of 
a whole series of portraits of Napoleon executed 
between August, 1815, when Ibbetson first went out 
to St. Helena in the “* Northumberland,” and 1821, 
when he lived in a house 
near Longwood and 
acted as purveyor to the 
exiles.” 

A third posthumous 
portrait of Napoleon (see 
Figure 101) was made by 
a Chinese artist, who is 
said to have been em- 
ployed as a cook on the 
Longwood establishment. 
\ great many of these 
were executed on white 
satin, and sold as one 
of a series of six drawings. 
These sketches have recently fetched as much as £6. 

It now only remains to speak of the two death- 
masks of Napoleon, one of which was taken by 
Dr. Antommarchi. A copy of this mask is shewn at 
the Invalides. Another (now reproduced) is in my 
own collection. Mr. Watson says that Burton took 
the cast after the Corsican doctor had failed. He 
has discovered a memorandum in the Lowe papers to 
the effect that ‘‘ The Bertrand kept the face and 





FIGURE 


Napoleon as he appeared when his coffin was opened at 
St. Helena on October 13th, 1840, nineteen and a half 
vears after his death. 
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matrix, not from that of Arnott. A little later (in 1822 
of 1823) Pistrucci, of 30, Coventry Street, published a 
lithograph from a drawing of one or other of these 
masks, probably Antommarchi’s, beneath which he 
placed the following inscription :— 

* After the death of Napoleon 
in the Island of St. Helena. 
General Bertrand ordered a 
Cast of Napoleon's face to be 
taken whilst he lay dead. 
Genl. Bertrand when arrived 
in France had some Portraits 
taken from this Cast by 
Made. Jacotot, a Painter of 
Porcelaine at Sevres. From 
one of the said Portraits, 
now in the possession of Mr. 
Lewis Goldsmith of London. 
104. I have, with his permission 
made the present Lithographic 
Drawing, and composed the 
following lines in the native 
Language of Napoleon. 

* Nacqui in Ajaccio, ina il destin che scrive 

Dell’uom la sorte in l’ordin suo profondo 

Mi trasse in¢Francia e sulle mille rive 

Che varcai la bilancia ebbi del mondo 
“Or mentre il nome mio superbo vive 

Forse a niun altro in paragon secondo 

Io morto son e mi ricopre appena 

Un freddo sasso in quasi ignota arena ”’ 

‘F, PisrrRucci, 30, Coventry Street.” 


When the coffin of Napoleon was opened, nineteen 





FIGURE 105. 


Major Stewart’s view of the “ Briars,’”’ Napoleon's first 

residence at St. Helena (October-November, 1815), in which 

one of Ibbetson’s interesting “back” portraits of Napoleon 
is introduced. 


Dr. Burton the back or craniological part.” A 
second cast was presumably taken by Dr. Arnott, and 
a copy of this, officially stated to have been presented 
by Arnott to John Gawler Bridge, Court Jeweller 
to George IV., was recently sold at the dispersal 
of the Bridge relics in Dorsetshire. It was stated 
at the time that “only two casts were taken 


at St. Helena, and the matrix destroyed. The other 


cast belongs to the French Government, and is in 
the Invalides at Paris.” The first fact should be 
officially verified, as the second is erroneous. The cast 
in the Invalides is from the so-called Antommarchi 


FIGURE 106. 


Original water-colour sketch of Napoleon’s Funeral (May, 
1821), in Mr. A. M. Broadley’s collection. 


vears later, prior to the removal of his remains to 
France, his features appeared to have undergone very 
little change, and they still attested the correctness 
of Ibbetson’s death-bed sketch. (See Figure 104.) 
The last word about St. Helena has not been 
said, but much new light is thrown on the “ Last 
Phase’ by the work of Mr. G. L. de St. M. 
Watson, who, before writing his. scholarly and 
instructive book ‘A Polish Exile with Napoleon,” 
with exemplary patience went through the whole 
of the Lowe MSs. in the British Museum, as 
well as a mass of other new and valuable material. 
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THE GRAPHIC EXPRESSION 


PART II. 


By ANNA 
IN a paper read before an American Typographical 
Association, Mr. T. L. de Vinne, who is regarded as 
the most eminent of living printers, remarked that 
we make use of two distinct styles of printing, 
‘Masculine,’ or that which is noticeable for strength 
and absence of ornament, and ‘‘Feminine,” that 
which is characterised by delicacy, and by the weak- 
ness which always accompanies delicacy. . . .). 
“The object of the masculine style” he says, ‘is 
the instruction of the reader, and to this end the 
printer tries to show the intent of the writer by the 
simplest methods. , For this he relies 
most upon the plainness of his type, the blackness of 
his ink and the excellence of his paper.” 

In a_ scientific this somewhat enigmatical 
description of two graphic methods of expressing 
meaning, leaves much to be desired, and may be 
interpreted thus :— 

For “simple” read, “inadequate,” for ‘‘strength” 
read “coarseness” and for “‘plainness of type”’ read 
“monotony of style, consequent upon the degenera- 
tion of the graphic symbols.” 

The antithesis of ‘delicacy’ is not * 
but “ vulgarity,” the ignoring of delicate 
distinctions, inaccuracy of definition, and 
generalisations. 

The triumphs of modern’ Engineering, — of 
Chemistry, of Astronomy, and indeed all the 
developments of modern civilization are due to the 
science of Graphics, to the accurate notations of the 
mathematical and exact sciences, and to “ delicacy ” 
in all the graphic arts except that of the printer. 

The delicacy of the balance is not weakness, 
strength is due to a nice adaptation of means to 
ends, it is measured by its capacity for work, 
and the progress of some sciences may be 
attributed to the observation of extremely fine 
differences in the form of minute organisms. 

Astronomy is not the same science as it was 
before the invention of the telescope. © Why should 
typography be the same as it was before the 
invention of the magnifying glass ? 

Print which had its genesis in the imitation of the 
forms of animate nature, should be developed along 
the same lines. The printed page should bear a 
comparison with animate nature, simple indeed to 
the superficial observer, and easily read, but upon 
inspection, revealing hidden meanings and affording 
more and more information to the student. 

The leaf does not obtrude its structure and the 
arrangement of its veins and cells upon the passer- 
by, but repays investigation if the student will but 
stay and learn in Nature’s school from the only 
teacher who is infallible. 


age 


strength” 
i.e., 


k OSE 


B 101 


PRINTING 


DEANE 


OF SENSE. 
PROBLEMS. 
BUTCHER. 


Compare the delicate ramifications of the skeleton 
of the leaf under the magnifying glass with the 
coarse lines and empty spaces of the best specimen 
of the typefounder’s art, and the contrast will strike 
the beholder with astonishment and lead him to 
reflect upon the way in which the lessons of Nature 
have been thrown away upon the masculine printer, 
who has lost the instinct of imitation as well as his 
visual imagination. 

The object of an educational print is not that he 
who runs may read, but that by close investigation 
the letters and words may be photographed upon 
the brain, and be automatically reproduced by the 
hand after constant repetition. 

The more information, then, that the idiograph 
gives about itself the better, and for its study a very 
excellent magnifying glass can be bought for the 
moderate sum of fourpence halfpenny. 

To Mr. F. A. Bellamy’s reasonable complaint that 
he has had to use twenty-five words to explain what 
the printer could have expressed by one letter, it is 
futile to answer: “ That is true, but see how good is 
the paper and how excellent the ink!” 

The final s is always pronounced as z in English 
and in French, when pronounced at all, and the 
additional vocal effort necessary to produce the 
hissing sound is logically expressed by an additional 
letter, “as ”—‘ass,” “is” —“ hiss,” differen- 
tiating to the eye the unimportant auxiliary words 
which are pronounced without any effort, from 
the important idiographs, which are _ stressed. 
This being the Englishman’s normal vocal habit, 
the printer should indicate where he has omitted 
a letter by the sign of contraction , as US, this 
-—OUS, and so on, where the addition of a line 
from left to right downwards is understood to 
mark the contraction which so often occurs in his 
work ; thus the letter j is logically printed = dg} 
and illogically printed with a dot ‘ idg = i}. 

It is not the desire of the printer ‘‘ to instruct the 
reader,” or the “ simplicity of the means adopted by 
him,” which causes constant confusion of meaning, 
and perpetuates the curse of Babel; it is rather the 
fact that while the Fundamental System of the Stars 
is “brought up to date,” the printer remains four 
centuries behind, at the point in the history of 
writing when the typemakers and punchcutters 
usurped the functions of the scribes, arresting its 
natural development, and causing what should be a 
living and growing art to be crystallised, or rather 
fossilised, in the present notation. 

Professor Leduc, who has chosen the accompanying 
extract for a specimen of the Orthotype notation, 
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complains that no Englishman pronounces his name 
correctly, and that he is unable to converse with his 
English confréres about his theory of Osmotic 
Growths; if he speaks English they cannot under- 
stand him, and if they speak French the result is 
the same. 

The specimen of European idiography which 
illustrates this article is perfectly understandable by 
sight to any educated Englishman, and that without 
any mental translation into his own language, but 
if it is transposed from the ordinary print into 
English speech sounds it is wholly incomprehensible. 

By the help of a straight line in four positions, 
I1— 4, four segments of the circle, and the dot, 
C w® De, which geometrical elements are found in 
all letters and symbols and can be easily added to 
the print, the reader is enabled in half-an-hour, with 
the assistance of a Frenchman, to associate a certain 
feeling of vocal positions and movements with his 
visual impressions, and he has nothing more to learn 
about French pronunciation. By the same amount 
of repetition and practice which he willingly employs 
in order to be able to sing a simple tune or to play 
it upon the pianoforte, he will be able to transpose 
this extract into speech sounds, so that any French- 
man can understand Professor Leduc’s meaning, 
without that mental distraction which is caused by 
constant reference to the context to discover what 
French words have been uttered. 

The automatic assumption, by the vocal organs, of 
the positions indicated by the letters and signs, is 
caused by a function of the brain similar to that 
which guides the fingers and hands to the right 
keys of the instrument automatically, not by the 
conscious will of the performer, but by a subcon- 
scious telegraphic apparatus, which communicates 
from eye to tongue, and is called association of Sign 
and Sound. 

After this one extract has been in this manner 
translated into speech sounds, any French book can 
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be read out loud without difficulty or hesitation, 
provided, of course, that it is properly printed, or 
corrected by the hand of the student or teacher. 

Conversation being merely the reproduction of 
former impressions upon the brain, will by this 
system be regulated by the amount of literature 
which which has been perceived by the eye and ear, 
and automatically reproduced by the hand and 
tongue. All that is worth saying is to be found in 
the literature of the classical languages, and there is 
no advantage to be gained by learning to talk 
twaddle in more than one language, after the 
manner of conversation books, primers, and 
grammars. 

The results of many experiments have proved the 
truth of the above statements. Even without under- 
standing what they are reading, foreigners have been 
able to convey the meaning of a book by speech 
sounds to the complete satisfaction of a native 
without the help of phonetic spelling or transcrip- 
tion; the writer, for example, has read Spanish in this 
Way. 

The short extra¢t from pages 102 and 103 of 
Professor Leduc’s work, ‘“‘ The Mechanism of Life,” 
contains out of two hundred and sixty-four French 
words, one hundred and eighty-four English, ‘.e., 
international words which are easily recognised 
by sight. 

Subtracting prepositions, pronouns, conjunctions 
and often repeated auxiliary words, such as form 
twenty-five per cent. of all European writing, we 
arrive by a rough computation at seventy-five per 
cent. or three-quarters as the proportion of French 
and English words which are international in 
scientific literature, and it is this European 
Idiography, as a means of universal communication 
and a basis of modern civilisation, which should 
command the attention of scientific men and at all 
costs be preserved from the destroying agency of the 
* bhonetic iconoclast.” 


The geometrical key which indicates the position of the vocal organs in producing the vowel sounds 
introduces no new element into print and can be learnt in five minutes. 

While preserving the sequence of letters and number of component parts of the idiographs, upon 
hos ae oe I 2 ay: 
the invariability of which legibility depends, the Orthotype Notation shows the pronunciation of European 


languages at a glance. 


The juxtaposition of two letters or signs indicate invariable sounds caused by two positions of the 


vocal organs and their movements from one position to the other. 


In this way the printer’s one 


hundred and four self-inconsistent ways of writing down thirteen English vowel sounds are brought into a 


logical and practical system. 


The superscript dot ~*~ is the dot of the letter 1 in 

The superscript sign € is the back of the letter... : € hen 
The sign “aw” .... ) is the right hand convexity of the letter OQ or 

The sign... ... ' 1s the perpendicular diameter of O on 
The sign... ... ™ is seen in the serifs of W two 
The sign ... .. ™ is the letter U us 

The sign... ... A is the letter A Ah! 
The si the German u 
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La paléontologie nous .apprénd F cue les premiers. éetrés sont. apparus 
dans les eaux, les_€trés les plus anciens des témps primairés ui, dans 
Vévolution des _étrés vivants, représéntent. une période ‘ plus longue 
a elle Seule cue toutes les _autres réunies, étaient tous - acuaticues. D’autre 
part, tous les. €tres vivants sont constitués surtout par des licuides. 
par. des Zolutions de cristaloides et de colloides, séparés par _des mem- 
branes. osmoticues a travers lesquelles s’affectuent de perpétuels. 
éechanges. ; Enfin les mers actuelles les vastes laboratoirés de la viesont. 
égalemént les Zolutions de cristaloides et de colloides. C’est donc. dans 
étude des liguides dans étude des Solutions, gue on doit découvrir | 


la nature et l’origine de la vie. 


La vie est_un. énsemble de fonctions, de transformations. 
énergeéticues Guise présentent & nous comme les résultantes de la 
forme, ce la structure de la composition des_étrés vivants, c’est. 
a dire des formes. extérieurés, intérieures, et moléculairés. des. 
éetrés vivants. Tous les. étrés vivants sont formeés de cavites 
closes, rémplies de licuides, Solutions de cristaloides et de colloides, 
limités par. des membranes osmotigues. Le premier pas dans 
Vétude de la vie et de 8on_origine doit donc. etre Vétude des forces et 
des circonstances physigues capables ‘@organiser ainsi les licuides, de 
donner des cavités closés entourées de membranes osmoticues d’assécier 
de grouper ces cavites, de les différéncier, de spécialiser. leurs fonctions 
dans Pévolution de vénsemble. Ces forces et ces circonstances physiGcues 
ce sont precisemént celles gui donnent les croissances osmotiGues, et nous 
avons vu Gue celles-ci avaient non seulemént la structure, la forme 
extérieure d’un grand nombre @’ étrés vivants, mais. encore les princi- 
pales fonctions dela vie. De toutes les ’ opinions qui ont. été formulées’ 


sur. les.origines de la vie et des. étrés vivants, celle Gui attribue les 
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V ° x e 
origines de la vie al’osmose, et Gui considere les premiers, étrés comme 
des productions . osmoticues, est de beaucoup la plus vraisémblable, 


la plus Satisfasante pour. la raison. 


Nous. avons vu Gu’aux témps primairés et secondairés, les mers Gui 
couvraient notre globe devaient présenter a un haut degre les conditions 
favorables aux productions. osmotiGcues ; pendant ces périodes incom- 
meénsurables, il a du nécessairémeéent se produire dans toutes ces mers 
des végétations osmoticues, exubérantes a. toutes les Substances donnant 
au contact. des mémbranes . osmoticues, 8els Solubles de calcium ., phos- 
phates, carbonates, silicates, aléolins, matieres albuminoides, ont du 
s’organiser én productions osmoticues, naissant se développant évoluant 
se dissouant ; des millions de formes. éphémeres ont du ainsi se succéder 
pour. donner la nature actuelle dans lacuelle le monde vivant represént- 


erait la matiere ainsi organisée par. osmose. 


Lorscu’on se livre a Vetude expérimentale de la morphogénie 
osmoticue, cue lon voit les substances les plus communes, les plus repan- 
dues a la surface de la terre et dans les, étrés vivants; les sels de calcium 
les carbonates, les phosphates, les silicates, s’organiser, Se développer, 
croutre, affecter des formes nombreuses et variées, analogues a celle 
des. ttrés vivants, on ne peut pas concevoir. cue, pendant toute la 
durée du passé de la terre, ce phénomene ne se serait jamais produit : au 
contraire la conviction §’impose irresistible, que Vosmose a eu neécesairé- 
mént un role preponderant dans Vhistowre et dans l’évolution de la 
terre et de ses habitants. Quand, aprés cette etude expérimentale et la 
conviction cu’elle impose, on interroge la Science, on ne trouve aucune 
méntion du role de l’osmose dans Vhistoire naturelle de la terre, aucune 
recherche de ses effets, la Science est muette, comme si Vosmose n’avait 


joue aucun role, comme si ce phenomene physique n’existait pas. 
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The authority for the French pronunciation is the “ Dictionnaire Phonétique,’ 
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’ by H. Michaelis, Paul 


Passy, and M. Gaston Paris, Administrateur du College de France. 


n 2 X 
denotes a mute letter, w <cenotes liaison, sounded, denotes stress accent, “loud”. denotes a long syllable. 
rnin €ffacéable is_it pure music mares 
, X X 
renn €ffacablé est_il pur. musique mers meres 
) P 1 = ¢ v A 
=@ = @ = W,0,U = ¢= a =¢, U =@ 
Or honest you, we ere, (fan) humble, murder pass 
OF ei honnéte vous, oui fin, ais humble, meurtre passe 
. y . 
= i, 1, yY — t = é; i = y consonant 
ill, primary, indict, tdéa machine, marine yawl, opinion 
il primairés, origine, petit machine’ vivant yole opinion 
The following French sounds have no exact equivalent in English. 
short A long 
E=it= laboratoire, moi, patte, part. e=é dépéndant (dependant) 
u lune, (lunar, moon), du, (due). ” = Ween Ii, (Louie), pdis. 
° ° Vr 
= au role, (roll), au, auteur, (Author) =an én, dans, N= ww DN. 


CORRESPONDENCE. 


ABOUT THE TRISECTION OF AN ANGLE. 
To the Editors of * KNOWLEDGE.” 


SIRS,—The division of an angle into three equal parts 
forms, together with the quadrature of the circle and the 
duplication of the cube, the three most renowned problems of 
Greek mathematics. As its algebraic expression leads to an 
irreducible equation of third degree, its construction cannot 
be made by using only the line and the circle. Knowing that, 
one must be sure that the solution given by Mr. C. S. Bingley 
in the November number of * KNOWLEDGE” (page +35) cannot 


8 
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beright. Mr. C.S. Bingley asserts, without any demonstration, 
that—using his signs—the distances B J=J K=KC, and from 
this concludes that the arc B C is divided by J and K into 
three equal parts. 

Now, it is easy to see that this is not true. By taking A D 
and its perpendicular in A as axes of rectilinear coérdinates, 
and supposing A B=A C=1 and the angle B A C=2a, the 
coordinates of E will be (3,0), and so will be B (cos a, sin 4), F 

/ , cosa, sina 
ery a 
line A H and on the circle B C will have the coordinates 

a a 
( - ), instead of (cos , sin ; ) 
VY 29+10 cosa¥ 29+10 cos my : 
which would be when the construction is exact. By designing 


the angle J A D with 6, the following table shows the error of the 
construction for a = 10°, 20°, 30°, 40°... The angle 6 has been 


(}+cos a, 4 sin 4), H ). J being on the 


5+2 cosa 2 sin a 


7 . 5-2 Cosa Se ae 
compute Vv go = : cotg a : F 
Pee SF Cone 2 sina 7: 2 sina 
a 10° 20 30 40° 
@ oO ’ ’ o oO U 
: 3- (20 6° 40 10 13° 20 
J 
5 2° 51’ 10" 5° 40’ 40” 8°27’ 2" 11° 9’ 4" 
rn 7r * a, . ° 
The difference 6 — 3 is, as we see, not inconsiderable, and 


is not only due to errors “in the drawing.” 


BUDAPEST. ERNEST SOS, PH.D. 





106 


THE SPECTROSCOPIC ASPECT OF THE 
IMPACT THEORY. 
To the Editors of * KNOWLEDGE.” 


S1rS,—I have not had the opportunity of examining and com- 
paring in detail the several spectroscopic observations of Novae 
as regards the correspondence between them and the deductions 
of the theory, but it appears to me that the main phenomena 
are sufficiently striking, and that the general agreement, 
providing as it does the fundamental working hypothesis, 
endows the details with an increasing interest. Novae have 
presented to astrophysicists some of the most bewildering 
problems in the whole of astronomy. Their sudden appear- 
ance, followed by declining luminosity and the extraordinary 
characteristics of their spectra, defied explanation. Yet in 
their spectra (considered in conjunction with telescopic 
observations), was written the secret of their origin. It 
behoves us to remember that Professor Bickerton’s beautiful 
generalisation was conceived and worked out at a time when 
observational confirmation was meagre, and this should 
increase our respect for it in the light of subsequent discovery 
I doubt if Professor Bickerton himself ever imagined to 
what extent his early conception would be enriched and 
strengthened by continued observation and discovery. 

The spectra of Novae are of supreme interest; they tell of 
matter in the crisis of extreme stress, matter under conditions 
which we cannot reproduce in the laboratory ; and every small 
detail in them is worthy of close study. All these details may 
not yet be capable of explanation, but the main phenomena 
are met by the theory of the third body, and it is surely most 
logical to adopt as a working basis the one theory which 
explains the most characteristic features of such spectra. 

Without attempting to discuss the various other aspects of 
the theory from the standpoint of general astronomy, we may 
consider briefly these spectroscopic phenomena on their own 
merits. The first circumstance which strikes the attention is 
the emergence from the general blaze of the Balmer series of 
hydrogen lines, but not as we are accustomed to see them 
either in the laboratory or in normal stellar spectra. They 
are wide bands with diffused edges. This appearance has 
been sufficiently emphasised in Professor Bickerton’s own 
writings, and his explanation of it as a necessary deduction 
from his theory appears to me to be the only one possible. 

In an examination of the spectrograms, we notice that the 
width of the bands increases as we proceed along the series 
towards the violet. This is a necessary consequence of 
prismatic dispersion, as will be evident by plotting the 
dispersion curve of any spectrogram giving the normal 
hydrogen series in a stellar comparison spectrum, e¢.g., the 
Stonyhurst spectrogram of Nova Persei with that of 
a Geminorum as a_ reference spectrum. Therefore, to 
measure the amount of widening, it is necessary first to 
ascertain accurately the form of the dispersion curve repre- 
senting the varying degree of dispersion under which the 
several lines are presented. 

Although great pressure will widen lines, rendering diffuse 
lines which are normally sharp, it is clearly quite incapable of 
explaining the widened lines of Novae for the reasons given so 
clearly by Professor Bickerton in“ KNOWLEDGE ” (September 
pp. 365, 366), namely, that the bands remain sensibiy constant 
and bordered on the more refrangible edges by dark absorption 
lines. In passing it may be interesting to note that in accordance 
with the Doppler principle, spectrum lines should be widened 
by reason of molecular motions in a source in a state of high 
thermal disturbance, but this effect is very small even at high 
temperatures. 

It is, I think, very desirable that all available spectroscopic 
observations of Novae should be collected and discussed on 
the basis of the theory of the third body, especially as regards 
the careful comparison and reduction of all spectrograms. 
According to the theory, the extreme edges of the widened 
lines represent the maximum velocities in the line of sight 
towards and away from the earth of the gaseous shells of the 
elements to which such lines are spectroscopically attributable. 
It is important to ascertain whether these velocities are what 
the respective atomic weights would lead one to expect; also 
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whether lines of any one element all indicate by their 
measured displacements the same _ velocity. These and 
several other points require investigation, but there are many 
factors which have constantly to be kept in mind. One of 
these is the very important question of possible elemental 
dissociation. If this has been claimed for elements present 
in normal stars, subject to normal temperature conditions 
consequent on their locality, how much more must the 
possibility be considered in the case of the violent forces 
brought into play in stellar impacts. And if this dissociation 
occurs, then the velocity in the line of sight calculated from 
the displacement of one line of an element would not 
necessarily be the same as that deduced from another line 
normally attributable to the same element. If the third body 
as a whole be practically stationary in space, then the 
centres of the widened lines would coincide with the corres~ 
ponding lines of the comparison spectrum; but if it should 
happen that there was considerable motion in the line of sight, 
a complicating factor would be introduced, for in addition to 
being widened, the lines would be bodily shifted. It will be 
seen that the detailed interpretation of such spectra is by no 
means an easy inatter. The measurement of the spectrograms 
is in itself beset with difficulties on account of the diffused 
edges of the bands merging into a background of more or less 
continuous spectrum. Combined with this there is the 
question of blends, differing intensities of the lines, and the 
varying sensitivity of the photographic plate to light of 
different wave-lengths. 

With reference to the displacement of lines due to the 
motion of the source in the line of sight, it should be pointed 
out that the magnitude of the effect varies with the wave- 
length of the line in question, the displacement corresponding 
to any given velocity being greater in the red than in the 
violet. If, then, we are considering a practically uniform dis- 
persion like that given by a grating, the linear shift will be 
more apparent in the region of longer wave-lengths. The 
general formula for calculating the velocity in the line of 
sight from the observed displacement may be given as :— 

yay a) 
Ai 
where V velocity of light 
\; = normal wave-length of the line in question 
\» = the wave-length of the displaced line. 
-\, represents the change of wave-length or dis- 


Since \y 
placement, the formula becomes :— 
a 
v=\ 
r 


The displacement which would be produced in any given line 
by a given velocity in the line of sight is thus :— 
d=a—. 
Vv 

The linear shift corresponding to a given velocity is thus 
twice as great at \ 6000A° as at \ 3000A° when represented 
on a wave-length scale of equal parts, which is approximately 
the condition with grating spectrograms. In the case of 
prismatic spectra, we have the two effects of shift and dis- 
persion acting in opposition, but the increasing dispersion in 
the region of shorter wave-lengths very much more than 
compensates for the decreasing line shift, hence the displace- 
ments appear more obvious with decreasing wave-length. 
some of the circumstances which render the 


These are 
considerable 


study of the spectra of novae a matter of 
complexity, but of the general truth of the interpretation 
supplied by the theory of the third body I personally feel no 
doubt. Itis probable that difficulties, apparent or real, may 
be encountered in matters of detail, but the theory which 
Professor Bickerton has formulated supplies a fertile, and I 
believe, a true basis for the future investigation of these 
remarkable celestial objects. Small discrepancies, or apparent 
inconsistencies when carefully investigated may throw un- 
expected light on the processes involved, for there must 
follow many problems involving conceptions of great interest 
to students of atomic physics, such, for example, as the 
stability of the elements referred to above. 


EAST CROYDON, CHARLES W. RAFFETY. 





























NOTES. 


ASTRONOMY. 
By A. C. D. CROMMELIN, B.A., D.Sc., F.R.A.S. 


THE AXIS OF MARS.—In “ KNOWLEDGE” for last 
October, I described Dr. H. Struve’s method of finding the 
position of the axis of Mars, and its compression, from the 
motions of the poles of the orbits of Phobos and Deimos. He 
has now published a revised result, including the observations 
of 1907 and 1909 (when there were many visual observations 
at the Lick Observatory, and photographic ones at Pulkowa). 
He obtains results very near his former ones, but entitled to 
considerably more confidence.— 

North Pole of Mars at epoch 1880-0—R.A. 317° 4'-4; Annual 
Increase 0':463. N. Dec. 52° 35'-6; Annual Increase 
0'+ 239. 

Obliquity of Mars Equator to orbit, 25° 10’. 

Polar compression 45. 

Centre of circle of Pole of Phobos orbit 317° 3'+7, N. 52° 36’:0. 

Distance from Pole of Mars 0° 0’: 6, 

Radius of Circle 57'-5. Annual angular motion of Pole 158°. 

Eccentricity of orbit -017. 

Centre of circle of Pole of Deimos Orbit 316° 1'-2., N. 
53° 16':0. 

Distance from Pole of Mars 0° 55':5. 

Radius of circle 1°44’-0. Annual angular motion of Pole 6°: 374. 

Eccentricity of orbit -003. 

I understand that these values will in future be used for the 
Ephemeris for Physical Observations of Mars. 


THE FIGURE AND MASS OF URANUS.—Mars is not 
the only planet for which the satellites give interesting 
information as regards its figure and the position of its axis. 
They are particularly valuable in the case of the two outer 
planets of our system, on whose surfaces it is difficult to detect 
any marking. Mr. Marth long ago recognised that the plane 
of the orbit of Neptune’s satellite Triton was shifting, which 
is evidently due to the equatorial protuberance of Neptune. 
The motion is so slow (one revolution taking about five 
hundred and eighty years) that a longer time must elapse 
before the position of Neptune’s axis is accurately known. 
A first approximation was given by the present Astronomer 
Royal and Mr. Edney, in Mon. Not. R.A.S. April, 1905. A 
more elaborate discussion by Mr. David Gibb (Proc. Royal 
Soc. Edinb. 1908-9) indicated that Neptune’s North Pole is in 
R.A. 295°:6, N. Dec. 42°-8. Its equator in that case is 
inclined 21°-2 to the orbit of Triton, and 27° to its own orbit. 
In view of the probable retrograde rotation of Neptune it 
might be more proper to call the above Pole its South Pole. 
In the case of Uranus its nearest satellite Ariel, is only half as 
distant from its primary as Triton from Neptune. There 
would consequently be a much more rapid shift of the orbit 
plane if it differed from the equatorial plane of Uranus. As 
no such shift has been detected, it is certain that the two 
planes practically coincide. This is further shown by the fact 
that the planes of all the satellites are sensibly the same. For 
if they were inclined to the equator they would shift at 
different rates, and their agreement at the present time would 
be most improbable. Hence we may take the position of the 
axis of Uranus as known. 

The R.A. of its North Pole for 1900 would be 75°:81; annual 
increase °-014; North Dec. 14°-79; annual diminution -°001. 
Orion is therefore the North Polar constellation for Uranus. 

We cannot, as in the case of Mars, obtain the oblateness of 
Uranus from the shift of the orbit planes of the satellites, for 
no shift appears to exist. Dr. Oesten Bergstrand, Director of 
the Upsala Observatory, has endeavoured to determine it from 
the motion of the peri-uranium of the inner satellite Ariel. He 
has utilised the observations made at Lick Observatory since 
1894, The orbit is so nearly circular that we cannot place 
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great confidence in the result. He finds eccentricity of Ariel’s 


orbit -007, annual movement of peri-uranium 15°; the cor- 
responding results for Umbriel are +008, 4° or 5°. The 


value of the compression depends on the distribution of 


density in the globe of Uranus. 
Rotation Period. 
Hours. 
If Uranus is homogeneous the compression is 35 ... — 
If it is arranged like Jupiter, the compression is 17-6 
If it is arranged like Saturn, the compression is 75 --. 11°3 
Value adopted as most probable mee ee eee 
It would seem, then, that Uranus takes distinctly longer to 
rotate than Jupiter and Saturn do, and the same appears to be 
the case with Neptune from the figures given above. It is 
perhaps not surprising, from the fact that they are intermediate 
in size between the giant planets and the terrestrial ones. 


ROTATION OF VENUS.—M. Belopolsky has recently 
published another spectroscopic determination of the period 
of rotation of Venus, which he again finds to be not very 
different from one day. It will be remembered that Professor 
Lowell's spectroscopic determination favoured the long period. 
Mr. Scriven Bolton has contributed a series of drawings to Tlie 
Journal of the British Astronomical Association, which 
lead him to a period of 23" 28". Mr. McEwen adds a note 
recommending that too much weight be not given to this 
determination, owing to the extreme delicacy of the markings 
on Venus. 


BOTANY. 
By PROFESSOR F. CAVERS, D.Sc., F.L.S. 


CYCAD STEM-STRUCTURE.—tThe Cycadaceae, as the 
lowest group of Gymnosperms, and therefore of Flowering 
Plants, now living, are of such importance in the evolution of 
plants that every new detail discovered regarding their 
structure is of interest. In a recent paper, Chamberlain 
(Bot. Gaz., 1911) has described the structure of adult stems 
of species of Zamia, Ceratozamia, and Diodn, and has 
considerably supplemented the information given by earlier 
writers. In Diodn spinulosum the wood zone ina plant six 
metres in height reaches a width of ten centimetres, far 
exceeding the extent of the wood zones previously described 
for any Cycad. This species shows a remarkable resemblance 
in detailed stem-structure to the Cretaceous fossil Cycad, 
Cycadeoidea, one of the members of the extinct family 
Bennettitales which were in some respects more primitive than 
the Cycads, and formed a link between this group and the 
Cycadofilicales or fern-like seed-plants. No 
growth rings (“annual rings”’) were found in the wood of 
Zamia floridana or Ceratozamia mexicana; Dioo6n 
spinulosum and D. edule have growth rings, which in the 
former species answer to the periods of activity which result 
in the formation of crowns or cones, but which in D. edule do 
not correspond to such periods. The protoxylem, or first- 
formed wood, consists of scalariform tracheids, from which 
there is a gradual transition to the tracheids with bordered 
pits, the latter forming the chief part of the wood.  Scalari- 
form tracheids are also found in the large medullary rays. 


remarkable 


INK-CAP TOADSTOOLS.—The small toadstools belong- 
ing to the genus Coprinus are remarkable in that the cap 
with its gills after a few days becomes converted into a black 
semi-fluid mass. The biology of these curious toadstools has 
been studied already by Buller in his brilliant “ Researches on 
Fungi,” but Weir (Flora, N.F. Band 3, 1911) has made a 
very extensive investigation of the genus Coprinus and dis- 
closed many new and interesting facts in the physiology of 
these plants, and his long paper may be summarised as 
follows. In addition to the differentiation of the tissue into 
central conducting filaments and strengthening outer tissuc, 
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the stalk and cap contain a system of milk-tubes, and a 
connected system of air-cavities is also developed —the whole 
offering an analogy with the arrangement of the tissues in one 
of the higher plants. The deliquescence of the cap is a kind 
of self-digestion, occurring quite independently of the action of 
bacteria and effected by a number of ferments which act upon 
proteins. The horn-like substance chitin occurs not only in 
the coats of the spores, but also in the outer tissue of the stalk 
and cap; the gills contain practically no chitin, and it is 
probably owing to this that the gills deliquesce more readily 
than the other parts of the fruit-body. Any part of stalk or 
cap is capable of regeneration, new fruit-bodies being formed 
by this process ; the plant shows definite polarity, there being 
greater power of regeneration in the side facing the substratum 
or turned from the light. Numerous grafting experiments 
were made, the young fruit-body of one species being grafted 
on the stalk of a different species; fusion took place between 
the threads of scion and stock, and the form of the mature 
fruit-body showed evidence of reciprocal action between the two 
species; the spores, however, were not influenced by grafting. 
Similar grafting experiments were made with various fungi in 
addition to Coprinus, and in some cases Weir found 
evidence of reciprocal parasitism between the two species 
used. 

Like Buller’s work, this paper by Weir is perhaps even more 
notable as an indication of the interesting lines of research it 
suggests than for the actual results obtained by the writer, 
novel and striking as these results are in themselves. 


PHOTOSYNTHESIS IN ALGAE.—It has long been 
known that the green pigment chlorophyll absorbs chiefly the 
red and blue rays of light. In plants possessing other pigments 
in addition to chlorophyll, the absorption spectrum is some- 
what different. Dangeard (Comptes rendus, 1911) has now 
proved that even in green plants the infra-red rays are 
absorbed and utilised in growth, though there is apparently no 
absorption of the ultra-violet rays. Dangeard has also found 
that the blue-green algae (Cyanophyceae) are capable of 
utilising the infra-red rays to a large extent. Meinhold (Beitr. 
Biol. der Pflanzen, 1911) has studied the Diatomaceae from 
this point of view, and finds that here, as in green plants, there 
are two maxima of assimilation, one being in the red and the 
other in the green-blue between lines C and F—not, as in 
green plants, in the blue between lines F and G. The results 
of experiments on assimilation, on being compared with those 
obtained by means of the spectroscope, show that the maxima 
of absorption and assimilation by no means correspond; that 
is to say, some of the rays which the plant absorbs are not 
utilised in photosynthesis, though they may be of importance in 
other processes of life. 


BIOLOGY OF THE HORSETAIL (EQUISETUM).—In 
an interesting paper, Ludwigs (Flora, N.F. Band 3, 1911) gives 
the results of various observations and experiments he has 
made on the Horsetails (species of Equisetum). He finds 
that there is a characteristic difference between the leaves on 
the underground and aérial stems. The leaves of the rhizome, 
which persist much longer than those of the aérial stem, bear 
hairs on both sides; those on the upper side of the leaf serve 
to protect the delicate tissues of the growing-point, while the 
hairs on the underside secrete mucilage, making the growing 
tip of the rhizome slimy, and therefore helping it to push 
through the soil. On the aérial stem these hairs occur on 
the upper surface of the leaves, but not on the lower. 
Ludwigs finds that by suitable culture methods, the rhizome 
can be made to grow into an aérial shoot, and vice versa; 
annual shoots may be made perennial; the normally colourless 
and unbranched fertile shoots of the field horsetail may be 
caused to develop chlorophyll and to produce branches; male 
prothalli can be changed into female, and vice versa. 
Regeneration takes place when pieces of the shoot, or even of 
the prothallus, are cultivated; in the latter case, new 
prothalli grow out and may become detached. The author 
states, in opposition to Bower, that the nutrition of the 
developing spores is not due to the degeneration of some of 
the spore-mother-cells, but solely to the special nutritive layer 
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or tapetum. He also describes the manner in which the 
antheridium opens to discharge the male cells ; apparently the 
process resembles that seen in some mosses, there being a 
special cap or lid-cell which is detached, after becoming 
mucilaginous and swollen. 


THE “CALYX-TUBE ” OF ROSACEAE.—The family 
Rosaceae shows great variety in the form of the flower, 
largely due to the varying degree of “ perigyny”’ or “ hemi- 
epigyny ’’ exhibited by the flowers in the different genera. 
Hillmann (Beth. Bot. Centralblatt, Band 36, Abt. 1) has 
made a careful examination of the so-called “ calyx-tube’’ or 
““receptacle-tube,” for which he prefers the term “hypanth,” and 
from his investigations on the anatomy of this tubular structure 
he concludes that in this family we have to deal with different 
kinds of tubular organs, which are not all formed in the same 
way. Inthe Rose, the tube is purely an axial structure, a 
hollow prolongation of the receptacle or top of the flower- 
stalk. In the Apple sub-family (Pomoideae), the “ receptacle- 
tube” consists of both axis and calyx. In most of the remain- 
ing members of the family, however, the hypanth is the 
product of fused leaves. Hillmann believes that this is clearly 
shown by the structure of the flower in Avens, where the 
flower axis is prolonged above the cup-like outgrowth, and the 
latter can hardly be explained otherwise than as the product 
of congenital fusion of leaves. 


EVOLUTION OF ALGAE.—In recent speculations on 
the evolution of plants, it has generally been assumed that the 
earliest vegetable organisms possessed chlorophyll and 
belonged to the green algae (Chlorophyceae). That these 
arose from green flagellates, while the brown and red algae 
arose probably from brown and red flagellates, appears to be 
supported by the discovery of transitional forms in each of 
the three series, green, brown, and red. Most writers on the 
subject, however, have assumed that whatever the course of 
evolution may have been, the green algae came first. This 
assumption has recently been combated by Brunnthaler 
(Biol. Centralblatt, 1911), who argues that in order to 
arrive at correct views regarding the phylogeny of the algae, it 
is necessary to take into account the probable conditions of 
life in the earlier periods of geological history. He rejects the 
view that there is any direct relationship between algae and 
flagellates, and regards the living forms of the latter as the 
termination of an ancient series of organisins, of which the 
earliest members may, however, have given rise to the red 
algae. 

According to Brunnthaler, the most ancient algae are the 
red forms, or Rhodophyceae, and he bases this view upon the 
following arguments. The earliest plants must have been 
marine free-swimming forms; the absence of free-swimming 
forms among the present-day red algae indicates the great 
age of the group. Again, the red colour is an adaptation to 
life in the deep sea and in the diin light of the primitive world 
with its dense cloud canopy, for the red pigment enables the 
plant to absorb the green rays in which that light is rich. 
The ancient lineage of the group is further shown by the 
absence at the present day of primitive types in the red algae, 
and by the absence of motile reproductive cells as well as of 
free-swimming species. 

The brown algae (Phaeophyceae) came next, according to this 
view, arising partly from brown flagellates and partly from red 
algae. That this is a younger group is indicated by the extra- 
ordinarily diverse structure of the reproductive organs, the 
constant presence of swimming reproductive cells, and the 
adaptation of the brown pigment to absorb rays from light more 
closely approaching that of the present world, but still with an 
atmosphere richer in water-vapour than that of to-day. In 
the meantime, the primeval red algae had become adapted to 
the dim ancient light, and therefore became restricted to the 
depths of the sea, leaving the upper waters as an open field 
for the evolution of the brown seaweed population when the 
latter appeared. 

The green Algae (Chlorophyceae) are the youngest group 
of algae toappear in the succession. Their green colour is an 
adaptation to the clear light of later times, and they evolved in 
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part from the recent flagellates and in part from the red algae. 
The early forms were marine, but after taking possession of 
the upper waters of the sea and invading estuaries, they 
became adapted to life inland in fresh water. 

Whether or not this ingenious theory of Brunnthaler’s gains 
much acceptance among botanists, it must be admitted that it 
has the merit, conspicuously absent in various other specula- 
tions on the evolution of plants, of taking into account the 
probable conditions of life in ancient times. 


EVOLUTION OF THE FLOWER.—In the New 
Phytologist (1911, Nos. 5 to 8) there are two further 
instalments of the interesting paper on “ Floral Evolution, 
with particular reference to the Sympetalous Dicotyledons,” 
by H. F. Wernham. The first two articles in this series have 
already been summarised in “ KNOWLEDGE” (1911, pages 
23, 2h) 

Engler’s group Pentacyclidae includes the cohorts or orders 
Ericales, Primulales, and Ebenales. After .discussing the 
general characters of the Ericales (including the large family, 
or natural order, Ericaceae, and five other smaller families), 
we find the somewhat startling suggestion that the Bilberry 
tribe (Vaccinioideae) should be removed from the Heath 
family altogether. It is true that the Vaccinium tribe 
differs from the rest of the Ericaceae in having an inferior 
ovary, but in modern systems of classification the position of 
the ovary is regarded as being of relatively small importance 
in deciding affinities, and it appears very unlikely that 
botanists will be inclined to follow Wernham in making even 
a separate family of Ericales for the Vaccinium tribe, 
much less in regarding them as having had an entirely 
different origin. It is suggested that while the remaining 
Ericales probably arose from the ancestral Ranalian 
(Buttercup-like) stock along the line which led to the 
Geraniales, the Vaccinioideae had their origin from the line 
which led from the same ancestry to the Rosales. In a 
course of lectures on Systematic Botany which has recently 
been given in the University of London, and of which it is 
hoped to include a summary in “ KNOWLEDGE” shortly, Dr. 
C. E. Moss dissented from Wernham’s theory regarding the 
position of the Vaccinioideae, while agreeing warmly with his 
views on the evolution of the Gamopetalae in general, and 
pointed out that if the Vaccinioideae are to be severed from 
the Ericaceae, the Arbutus tribe (Arbutoideae) must 
necessarily go along with them. Since the two sections 
(Vaccinioideae and Arbutoideae) agree in all _ essential 
characters, excepting that the ovary is superior in Arbutoideae, 
and the Arbutoideae are admittedly related very closely to the 
remaining sections (Ericoideae and Rhododendroideae) of the 
family Ericaceae, the result of the adoption of Wernham’s 
revolutionary proposal would be an unnatural and, in fact, 
chaotic arrangement. 

Apart from this criticism, one can have nothing but praise 
for the careful and brilliant working out of Wernham’s views 
regarding the origin of the various groups of Gamopetalae 
(Sympetalae) from different groups of lower Dicotyledons 
(Archichlamydeae or “ Polypetalae”). He, of course, adopts 
the theory that the Primulales have descended from the large 
group Centrospermae, which includes such well-known 
families as the Chenopodiaceae and Caryophyllaceae, and 
gives a “family tree” illustrating the details of the descent 
according to his views. Here we feel on much safer ground, 
though further work on the development of the flower in the 
various families is, naturally, required before the detailed 
course of evolution can be traced. 

The Ebenales are less familiar to the British botanist than 
the two preceding cohorts, since this group consists almost 
entirely of tropical trees. The view is put forward, and 
worked out in some detail, that the Ebenales have arisen from 
the Parietales, hence the three cohorts dealt with are regarded 
as having arisen independently “ by the grafting of sympetaly 
upon at least three archichlamydeous stocks—the geranial, 
the centrospermal, and the parietalian.” 

In his fourth paper, the author begins upon the large series 
of cohorts grouped under the name “ Tetracyclidae,” in which 
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the floral organs (sepals, petals, stamens, carpels) are cach con- 
fined to a single whorl, as compared with the Pentacyclidae in 
which there are two whorls of stamens and therefore five 
whorls in all of floral parts. The Contortae comprise the 
families Asclepiadaceae, Apocynaceae, Oleaceae, Gentian- 
aceae, and so on, few of which occur in Britain. Theancestry 
and affinities of the Contortae present great difficulties—the 
floral structure is remarkably constant throughout the cohort 
and is of a relatively advanced character—and the Contortae 
“have left no traces of their progress from polypetaly to 
sympetaly in the shape of pentacyclic forms; neither a second 
staminal whorl nor any hint of it ever occurs.” Still, it is 
suggested that the group may have arisen from the Geranial 
stock, like the Ericales. ‘While the latter have employed 
their evolutionary powers, so to express it, in the direction of 
specialization of habit and details of floral structure, the 
Contortae have reserved their efforts for the realization of the 
economy tendency.” In tracing the detailed affinities of the 
Contortae, Wernham points out the isolated character of the 
two orders Oleaceae and Salvadoraceae, which agree with 
each other and differ from the remaining families of Contortae 
in so many striking respects that the author is led to regard 
them as deserving the rank of a special cohort, for which he 
proposes the name Jasminales. 


CHEMISTRY, 
By C. AINSWORTH MITCHELL, B.A. (Oxon.), F.I.C. 


CANADIUM: A NEW ELEMENT.—An account of a 
supposed new element, to which the name of * canadium” has 
been assigned, is given by Mr. A. G. French ina recent issue 
of the Chemical News (1911, CIV, 283). It was discovered 
in association with platinum and other metals of the platinum 
group, in the trap-dyke of the Nelson District of British 
Columbia, its quantity ranging from a few grains to about 
three ounces per ton of its companions. 

The new metal, which is found in the form of grains or 
scales, is white and possesses a brilliant lustre. It melts at 
about the same temperature (964° C.) as silver, and is not so 
hard as platinum, ruthenium, palladium or osmium. Like 
platinum, it is not altered by being heated in the air, or by 
exposure to a moist atmosphere. It is not affected by iodine, 
hydrogen sulphide or solutions of sulphides, but is dissolved 
by nitric or hydrochloric acid. Unlike silver, it is not 
precipitated from its solutions by alkali chlorides or iodides. 


PHOTOGRAPHIC EFFECT OF CHEMICAL RE- 
ACTIONS.—A discovery, which appears likely to have far- 
reaching effects, both in theory and practice, is described by 
Messrs. Matuschek and Nenning in the Chemiker Zeitung 
(1912, XXXVI, 21). It has been found that chemical 
reactions of the most different kinds produce light waves, or 
that part of the heat energy developed during the re-action is 
transformed into light energy. 

In the striking series of experiments described, a beaker, 
to the bottom of which was fixed a star of tin-foil, was placed 
upon a sensitive plate in the dark, while the interacting sub- 
stances were placed within the beaker. After several hours 
the plate was developed, and in each case a sharp image of 
the star was obtained. For instance, strips of various 
metals, such as zinc, copper, tin and lead, were suspended in 
sulphuric, hydrochloric or nitric acids, and notes were taken 
of the periods of exposure necessary to obtain sharp outlines 
of the star. 

The distance of the reacting bodies from the sensitive plate 
and the nature of the surface of the metal had an influence 
upon the results ; and the smaller the chemical affinity of the 
acid for the particular metal, the less the intensity of the 
photographic action, and the longer the time required. Thus, 
in the case of the metals and acids mentioned above, four 
days were necessary to obtain a sharp image in the reaction 
between lead and nitric acid. The treatment of copper oxide 
or hydroxide with acids, or of caustic alkali with water, gave 
analogous results. A thin layer of quicklime or of calcium 
carbide when spread on a glass plate with a device of tin-foil 
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beneath and then treated with water, proved similarly capable 
of affecting the photographic plate. The formation of the 
so-called ammonium amalgam also developed the active 
rays, while the decomposition of sodium metasilicate by 
means of acids proved surprisingly rapid in this respect. 

Even in the reactions taking place in the hardening of 
Portland cement or in the setting of plaster of Paris and water, 
excellent images were produced in about three days. 

These experiments suggest the possibility of devising an 
exact photographic method of measuring and comparing the 
velocities of different chemical reactions. They may also 
afford an explanation why certain observers have found that 
rays emitted by the human body would affect a photographic 
plate in the dark, while others have been unable to confirm 
the occurrence of the phenemenon. In the light of these 
experiments, it would not be surprising to find that the 
chemical reactions ceaselessly proceeding in the body should 
manifest their activity photographically much more rapidly in 
the case of one person than another. 


BLEACHING OF FLOUR AND ITS EFFECT ON 
DIGESTION.—The latest addition to the controversy as to 
the harmlessness or the reverse of the artificial ageing of 
flour by means of bleaching is the paper contributed to the 
J. Ind. Eng. Chem. (1911, III, 912) by Messrs. Wesener and 
Teller. Of the various methods that have been proposed for 
bleaching flour, only those in which oxides of nitrogen are 
employed have proved commercially successful, and experi- 
ments upon the digestibility of the treated flour have therefore 
centred upon the latter. 

In the present communication the results, which are given 
in detail, show that nitrites do not interfere with the digestion 
of starch by diastase, even when present in the proportion of 
0:1 per cent. Nor is the process of pancreatic digestion 
checked either by nitrites in a relatively large amount or by 
protein which has been treated with nitrous acid or nitrites in 
not excessive quantity; while in peptic digestion nitric or nitrous 
acid may take the place of the hydrochloric acid naturally 
present. At the same time attention is drawn to the fact that 
it has never been proved that commercial bleached flours 
contain either nitric or nitrous acids, or mineral nitrites, and 
that, hence, results obtained with these acids and their mineral 
salts are not necessarily conclusive. Apparently, however, 
the oxides of nitrogen enter into direct combination with the 
colouring matter of the flour during the bleaching process, and 
the resulting compound gives the nitrite reactions. Physio- 
logical experiments have shown that the compound is not 
poisonous, and that it has no perceptible effect upon the blood, 


PARAFFIN OIL FROM <A’ YORKSHIRE COAL 
SEAM.—There are few recorded instances of the occurrence 
of paraffin oil in British coal seams, and the chemical compo- 
sition of the oil in these cases has seldom been ascertained. 
Particular interest thus attaches to the account given by 
Dr. Cohen and Mr. C. P. Finn (J. Soc. Chem. Ind., 1912, 
XXXI, 12) of the oil discovered in a seam in the Hemsworth 

Collieries, from the position of 

jar; ae its occurrence and its bearing 

fo eae upon the theory of the form- 
ation of petroleum oil. 

The oil was found in the 
Haigh Moor seam at a point six 
hundred and ninety yards from 
the surface, where the road from 
the bottom of the pit crossed a 
fault which displaced the strata 
in a downward direction to a 
(maximum) extent of eleven 
feet. Subsequently more oil 

~~. was discovered in a drift made 
early last year, the strata about 
the line of the fault being satu- 
rated with a yellow liquid, which 
became dark brown on exposure to the air. These strata, 
the position of which is indicated in the accompanying 
diagram, consisted of blue stone bind interspersed with 
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ironstone bands, and intersected with soft white sandstone. 
Apparently there had been no formation of natural gas at 
this point. 

The oil collected for examination was a dark brown semi- 
solid material, which on fractional distillation yielded a series 
of fractions ranging from a light mobile yellow oil boiling 
below 150°C. to semi-solid dark yellow products boiling above 
300°C. The constituents of these fractions were very similar 
to the hydrocarbons of petroleum products of high boiling- 
point and suggested a common origin. Possibly the oil had 
been formed in strata beneath the coal seam, and, finding its 
way through the fissure of the fault, had condensed in the 
cooler upper strata. 

Nothing in the nature of the coal itself pointed to its being 
the source of the oil, nor were there any signs of the intrusion 
of igneous rock, which in the heated condition might have 
caused destructive distillation of the coal. 

Assuming this oil to have a petroleum origin, a difficulty 
is created by the absence from the strata of any fish remains, 
such as are usually associated with the occurrence of 
petroleum. Possibly deposits of cannel (in which aquatic 
remains are frequently found) might have had some connection 
with the formation of the oil. Yet, although there were such 
deposits in the vicinity of the coal seam, the oil was only found 
in the neighbourhood of the fault. 


GEOLOGY. 
By G. W. “TYRRELL, A:R.C.SC., 'F.G:S. 


EROSION IN THE HIMALAYAS.—In addition to the 
ordinary agents of denudation, others more irregular and 
abnormal are brought into play in great mountain regions. 
Dr. Arthur Neve enumerates three of these exceptional factors 
in a paper on Himalayan Erosion (Geogr. Journ., October, 
1911). Many of the great valleys of the Western Himalayas 
contain huge ancient riverine or glacial deposits, two thousand 
to three thousand feet thick, through which the present rivers 
have cut their way. This material is so loose and unstable 
that even in a dry climate, such as that of Lower Baltistan 
and Gilgit, landslips are constantly occurring ; while torrential 
rains, as may be imagined, have an enormous effect in this 
direction. The erosion due to the landslips themselves is 
supplemented by that of floods caused by the cataclysmal 
outbreak of water dammed up by landslip débris or by 
glaciers. These floods cause tremendous erosion in the main 
valleys. Some sixty-nine years ago, according to one account, 
a vast landslip blocked the Indus river below Bunji, submerg- 
ing the valleys for a length of thirty-six miles. A_ similar 
block, this time due to glaciers, occurred in the Suru valley in 
1896. The burst, when it came, devastated the fields and 
villages for forty miles below. 

The last of these abnormal factors of erosion is the effect of 
earthquakes in initiating the operation of landslips and floods. 
In the earthquake areas of the Himalayas, the soils of the 
hillsides and plateaux are split and crevassed, large and small 
landslips happen, drainage is thereby diverted or blocked, and 
the streams later burst out with destructive force. Dr. Neve 
gives an impressive picture of the enormous erosive forces at 
the command of nature in great mountain regions such as the 
Himalayas. 


NEPHELINE SYENITES OF WEST AFRICA.—The 
region of Christiania, described in a classic memoir by Broégger, 
and noted for its richness in rare minerals associated with 
alkaline igneous rocks, has a rival in the Archipelago of Los, 
situated close to the shore of French Guinea on the West 
Coast of Africa. The islands, three in number, consist of 
masses of nepheline syenite with their usual satellitic asso- 
ciates—tinguaites, essexites, theralites, shonkinites, camptonites, 
and monchiquites. These are fully described by Lacroix in a 
finely illustrated memoir, ‘Les Syenites Nepheliniques de 
l’Archipel de Los et leur Mineraux” (Nouv. Arch. d. Mus. 
Paris (5) iii, 1911). In addition to a rich series of rare 
minerals, such as astrophyllite, rinkite, wohlerite, endialyte, 
catapleiite, and pyrochlore, usually found associated with 
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nepheline syenite, Lacroix describes two new minerals: 
villiaumite (sodium fluoride), of a violet or carmine-red tint, 
supposed tetrogonal symmetry, and soluble in water; losite, 
a mineral allied to cancrinite, but differing from it in several 
particulars, notably in lesser birefringence. 

As no associated strata are known, nothing can yet be 
determined as to the geological age of this alkaline series. On 
the adjacent mainland of French Guinea there occurs a totally 
different series of rocks, consisting of hypersthene granite 
(charnockite), norite, gabbro, and peridotite, a series which 
has much in common with the charnockite rocks of India. 


CRYSTALLIZED TURQUOISE.—Hitherto the turquoise 
has never been found in distinct crystals. It has always been 
opaque and massive, usually of a green colour, only the best 
qualities shewing the well-known blue. It is found in irregular 
masses filling up cavities and fissures in the mother rock. An 
occurrence from Virginia (Schaller, Amer. Journ. Science, 
January, 1912), however, seems to show that turquoise may 
sometimes assume a definite crystallized form.- The specimen 
consists ot irregular fragments of glassy quartz cemented by 
thin layers of turquoise crystals. On each side of the 
specimen is a drusy, botryoidal layer, bristling with minute 
crystals of a bright blue colour. Their density is 2:84, 
and whilst their smallness rendered their crystallographic 
determination difficult, it is believed that they have triclinic 
symmetry and are isomorphous with chalcosiderite. A chemical 
analysis gives the following result :— 
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The formula derived from the ratios of the analysis is 
CuO, 3 AlOs, 2 P20O;, 9 H2O. The above analysis agrees 
very closely with one by Penfield on very pure massive 
material from Nevada. The correct formula for chalco- 
siderite is similar to the above, with the substitution of iron 
for aluminium. Moreover, its crystal-angles are very close to 
those tentatively given for the minute crystals of turquoise. 
Consequently there is a strong probability that the two 
minerals are isomorphous. 


METEOROLOGY. 
By JOHN A. CurTIS, F.R.MET.Soc. 


THE weather of the week ended January 20th, as set out in the 
statistical tables issued by the Meteorological Office in the 
Weekly Weather Report, was wet and unsettled. Snow or 
sleet was general during the earlier days of the week, and the 
falls were heavy except in the Southern parts of the country. 
Temperature was above the average in Scotland, N., the 
southern parts of England and in Ireland, but below it else- 
where. The variations, however, were nowhere very large. 
The highest of the maxima was 57 at Fort Augustus, on the 
17th. In Jersey the highest reading was 52°. Readings of 
50° or upwards were reported in all districts except England, 
N.E. and E.,and Scotland, W. The lowest reading reported was 
18° at Balmoral on the 20th, but temperatures down to 22 were 
recorded at several other stations. In Ireland, however, the 
temperature did not fall below the freezing-point, and in the 
English Channel the minimum was 35°. The lowest reading 
on the grass was 15° at Balmoral. 

Rainfall was in excess of the average in all districts except 
Scotland, N. and Ireland, N. ‘fhe wettest district, relatively, 
was the Midland Counties, where the recorded fall was nearly 
four times as much as usual. At Birmingham the total fall 
was more than five times the average, 2-22 ins., as compared 
with the average of 0:44 in. Sunshine was in defect in all 
districts, and at every individual station except two, Markree 
Castle and Scilly. The last-named station was the sunniest 
in the British Islands with a mean daily duration of 2-0 hours 
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or 24%. At Westminster the week was sunless. The 
temperature of the sea water round the coasts varied from 
37° at Scarborough to 50° at Scilly and Salcombe. 

The week ended January 27th was dull and rainy in the 
southern districts, but mostly fair elsewhere, but with much 
mist or fog at many English stations. 

Temperature was below the average in all districts except 
the English Channel, and in many parts the deficiency was 
considerable. The highest readings of the week were 55 at 
Bettws-y-coed and 53° at Killarney. In the English Channel 
the maximum was 52°, but in most of the districts the maxima 
failed to reach 50. The lowest readings were 18° at Balmoral 
and 21° at Poltalloch. In the English Channel the minimum 
was 39, but in every other district sharp frost was reported. 
On the grass the lowest readings recorded were 15 at Balmoral 
and Hillington, and 17° at Newton Rigg, Llangammarch and 
Markree. 

Rainfall was above the average in England, N.E., E. and 
S.E., the Midlands and the English Channel, but was in 
defect elsewhere. The defect in many cases was extreme, 
and at some stations the week was rainless. In Ireland, N. 
the mean for the week was only 0-01 inch as compared with an 
average of 0:81 in.,and in Scotland, N.the mean was 0-11 in., 
the average being 1-63 inches. 

Sunshine as a rule was in excess in those districts where 
rainfall was in defect. The sunniest district was Ireland, S., 
with a mean daily amount of 2-3 hours (28%). Scotland, N., 
with a mean of 1-8 hours, was 12 % in excess of the average, 
while the English Channel, with a daily mean of 1:9 hours, 
was 4% below. At Westminster, the daily mean was only 
0-2 hours (2%). The mean temperature of the sea water ranged 
from +0°-0 at Burnmouth and Cromarty to 48°-4 at Scilly. 

The week ended February 3rd was very cold, but dry and 
sunny. Temperature was below the average in all parts, the 
deficiency amounting to as much as 10°-1 in the Midland 
Counties, and to 9°-7 in England, S.W. The highest of the 
maxima was 49° at Waterford, but at many of the stations in 
the Midlands and England, E., the maximum for the week 
was under 40°. In the English Channel 47° was the highest 
reading recorded, at Guernsey, on January 30th. The minima 
were 15° or below in every district except the English Channel 
where the lowest reading was 28°. The lowest readings were 
4° at Balmoral on the 2nd, 9° at Llangammarch and 10° at 
Fort Augustus. On the grass readings down to zero were 
recorded at Norwich, Balmoral and at Burnley. 

Rainfall was light very generally, and was below the average 
in all districts. Indeed, over a large part of the country the 
week was practically rainless; thus, in England, S.W. the mean 
total for the district was 0:01 inch, the average being 0-82 
inch. Bright sunshine, on the other hand, was above the 
normal everywhere, the excess reaching 30% in the English 
Channel, where the mean daily duration was 5:2 hours or 
57% of its possible duration. The advantage of the suburbs 
as regards duration of sunshine is strikingly illustrated by the 
figures for this week, the mean daily duration being at 
Westminster 0-5 hours (6%); at Camden Square 2:6 hours 
(29%), but at Hampstead 3-7 hours (42%). 

The mean temperature of the sea water 
37°+9 at Scarborough to +7°:8 at Plymouth. 

The week ended February 10th was at first very cold, with 
snow showers in nearly all parts. After Monday, however, a 
thaw extended over the country from the southward, the air 
became humid, and rain was frequently experienced. Tem- 
perature for the week was below the average in all districts 
except the English Channel, where it was very slightly above. 
Maxima above 50° were reported from all districts, the highest 
readings being 56 at Bath, Clifton and Llandudno. The 
lowest readings were on the Sunday or Monday, and were 
below 17 in all districts except the English Channel. where 
the minimum was 27. The lowest reading reported was—5t 
at West Linton, on the 4th, or 37° below freezing-point. At 
Balmoral a reading of —2 was recorded on the 5th, and a 
Gordon Castle the minimum was 1 on the 4th. On the grass 
a reading of —7 was recorded at Crathes. 

Rainfall, though but little more than one third the average 
amount in Scotland, N., was in excess in Scotland, W., and in 
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Ireland, S. In the other districts it was generally in excess, 
though the departures from the mean were inconsiderable. 

Sunshine was slightly in excess in Scotland, N., and in 
England, N.W., but was in defect elsewhere. In Scotland, 
W., the daily mean was only 0-6 hour (7%). The sunniest 
station was Great Yarmouth, where the daily mean was 3:6 
hours (40 %). At Westminster the duration averaged 0-9 hours 
(10 %); at Hampstead in contrast with the previous week the 
average was less, 0:6 hours(7 %). The mean temperature of 
the sea water ranged from 36°-2 at Cromarty to 45°-8 at 
Salcombe. 


MICROSCOPY. 


conducted with the assistance of the following 
microscopists :— 

ARTHUR C, BANFIELD. ARTHUR EARLAND, F.R.M.S. 

Tre Rev. E. W. Bowe. RicHarp T. Lewis, F.R.M.S. 

James Burron, Cuas. F, Roussevet, F.R.M.S 

CuHarves H. Carryn. D. J. ScourFiELp, F.R.M.S., 

C. D. Soar, F.L.S., F.R.M.S. 

LOW POWER PHOTO- 
MICROGRAPHY WITH- 
OUT A MICROSCOPE.— 
This note is chiefly con- 
cerned with home-made 
contrivances of a very 
simple character, designed 
to be of service in simple 
low power photomicro- 
graphy. By this latter term 
is meant that region of 





work between the ordinary D 

“ copying” of everyday 

photography, and the more 

ambitious augmentations FIGURE 


which necessitate the use of 
a microscope as well 
as a camera. In this 
chapter a microscope 
is not used, but con- 
trivances are shown 
which enable us to use 
ordinary micro-objec- 
tives of low power, 
i.€., an inch or so. 
When lenses of focal 
length not less than 
two inches (say two 
to four inches range) 
are to be employed 
with any ordinary FIGURE 110. 
quarter-plate camera 

of, say, twelve inch bellows length, it is clear that we 
cannot get any very great magnification or ratio of image 
to object. It will, therefore, be desirable to augment the 
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camera length in some way. One convenient plan is by 
the use of a metal tube, one end of which screws into the 
ordinary camera-lens flange, the other end cut with a similar 
thread to take the lens to be employed. It is a further 
convenience to have this tube in two pieces AB and CD, as 
shown in Figure 109, so that we may use one or both pieces 
according to our desired degree of magnification. 

The end A screws into the flange on the camera front, 
B and C join up together. D is here closed by an “ adapter ” 
to take any ordinary micro-objective. E is a two-inch Zeiss 
protar with lens cap F. The size of this particular tube is 
large enough to take a Wray four-inch R.R. or Wray three-inch 
platystigmat, both exceedingly useful tools for natural history 
work, ¢.g., insects, fossils, shells, parts of plants, and so on. 
Lenses of these kinds are already provided with stops or 
diaphragms, but when the worker is using ordinary long focus 
(e.g., two-inch) micro-objectives, it is often of very great service 
to use also a contrivance known as a Davis shutter. This is 
shown in Figures 110 and 111, where we see the two sides of the 
micro-objective adapter that 
was similarly lettered in Fig- 
ure 109, and also two views 
of the“ Davis” whichis really 
a separable iris diaphragm 
contrivance. As this cannot 
be put inside the lens it is 
screwed intothe adapter, ?.e., 
between D and the objective 
in use. The worker will find 
it very convenient to cut a 
card wedge showing points 
of width one-, two-, three-, 
and so on, tenths of an inch. 
109, This wedge is inserted into 

the iris which is then closed 

just to grip it and the 
pointer outside cor- 
respondingly marked 
one-, two-, three-, and 
soon. Wecan thus at 
any time close down 
the “pupil” to any re- 
quired size by means 
ofthe pointerandscale. 
It should be remem- 
bered that the expos- 
ure normally will vary 
as the squares of these 
= numbers. Thus, two- 
‘aa. tenths diameter passes 
four times, and three- 
tenthsninetimes,as much light asthe one-tenth diameter opening. 
A glance at the table will make matters clear in a moment. 
Suppose the largest aperture is half an inch, 7.e., five-tenths. 
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Numbers on scale, 7e., | 
10th of inch diameter 1 4°) x 5.4 5 
—_ 
Area of opening me 1 + | 9 | 16 25 
aes e eee Rees Soeniee Sere ee 
Exposure ratio 
(approx.)... | 25 64 | 23 | 13 1 





FIGURE 114. 

Holders.—The nature of the object 
holder will necessarily vary with the nature 
and size of the object. I give two very 
generally useful forms. Figure 112 shows 
us a small rather heavy box to which 
are fixed two thin flat pieces of wood 
(e.g., bits of cigar box lid). To these, in 
turn, are screwed two ordinary wood 
spring (American) clothes clips, which one 
may get by the dozen for a few pence 
at any “oil shop.” This contrivance en- 
ables us to hold any ordinary microscopic 
slide, as shown in Figure 112. 

Figure 113 is a similar heavy box used as 
a base; to this a pair of spring clips are 
fixed. These, in turn, grasp a pair of 
clean thin glass plates between which it is 
often convenient to “sandwich” such a 
thing as the flowering part of Poa annua, 
and so on. 

Passing now to photographic arrange- 
ments, we have in Figure 114 one of the 
simplest contrivances imaginable—viz., a 
flat, straight, thick, heavy piece of wood, 
which serves as a baseboard on which rests A, an ordinary 
camera, with extension lens tube B, which requires a support 
C (shown in a subsequent figure, E 120). The object sand- 
wiched between two pieces of plain glass is held at E (in 
the contrivances shown in Figure 113). At R is a small 
circular mirror fitted up for use as a reflector, also shown 
in other figures. 

Some such simple’ contrivance as this may serve the care- 
ful and patient worker for occasional use, but it will be found 
that there is considerable risk of getting the parts out of 
position unless we have some ready means of fixing them to 
the baseboard. In connection with the plan of using a glass 
sandwich arrangement, Figures 113 and 114, it should be noted 
that there is in certain lightings a considerable risk of getting 
harmful reflections. To obviate this the following plan is 
efficient. To a piece of stout card (c.g., straw board) fix a piece 
of rough black cloth by means of paste or glue. This card may 
be about eight by six inches. When the paste is dry, cut a 
circular hole the exact size of the glass part of the lens, and 
in such a position that when the card rests on the baseboard 
this hole just coincides in position with the lens opening. 








FIGURE 
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Such an anti-reflection contrivance is shown in working 
position, 7.¢., close up to the face of the lens, in Figure 114. 

I now pass on to a very much more useful form of base- 
board. This, in my case, consists of a piece of teak about 
four feet long, two and a-half inches wide, and half an inch thick. 
This is firmly fixed by means of an ordinary camera screw 
(A, Figure 116), which loosely fits the central hole of the tripod 
top, but its thread engages with the wood of the baseboard. 
The camera is fixed to the baseboard by a second similar 
screw, B. The object is held in a holder, D, to be presently 
described, while E is a mirror reflector. At C is shown a 
piece of card covered with black cloth. This is used for 
making the exposures. It is here shown to be leaning up 
against the objective, which in this case is conjoined with the 
Davis diaphragm. The advantages of this system are porta- 
bility, 7.e., we can move the whole thing about together so as 
to get the object in a favourable lighting, and it is remarkably 
free from the effects of vibration, any disturbance of the floor 
causing the whole contrivance to vibrate as one thing. 

Next a word as to the object holder. The general arrange- 
ment will be made sufficiently clear by a glance at Figures 
115 and 117. The former shows that this apparatus is made 
to slide along and yet grip the baseboard along its edges. 
Figure 117 shows how the two holding springs are fashioned out 
of pieces of an ordinary steel knitting needle. This is made 
red hot in a gas flame and then gently bent to the shape shown 
by the aid of a couple of pairs of pliers. When piercing the 
sight hole in the holder (Figure 115) it is important that its 
centre is just opposite the centre of the lens extension tube. 
This will be found of help when getting 
the object slip into position, and also in 
getting the axis of the camera parallel to 
the baseboard. 

In Figure 118 we see a back view of the 
mirror and its mount. The mirror is about 
four inches in diameter, and has a thin 
metal rim-frame. A semi-circular hole is 
cut out of the thin flat piece of wood A 
and the mirror swung by two screws C, C— 
just tight enough to hold it at any desired 
angle. At B a small block of wood is 
added to give weight and firmness and 
prevent the whole thing being top-heavy. 

In Figure 119 we see the front side of the 
mirror holder and should note carefully a 
small circular peg or dowel in the front 
edge of the holder. This engages with an 
easy fitting hole in the baseboard and 
enables the holder to be turned about a 
vertical axis through this dowel or peg, 
while the two side screws C, C give us a 
horizontal axis; thus we can set the 
mirror at any angle by.combining these 
two movements. 


115. I now come to the last bit of home-made 





FIGURE 116. 
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contrivance for this note, 
which is shown in Fig- 
ure 120. At A and B we 
have two ordinary photo- 
graphic lenses, A and B, 
both of fairly short focal 
length, viz., four and 
three inches. It was pro- 
posed to combine the 
two in tandem fashion 
by means of a brown 
paper tube, D, but as 
lens B was somewhat 
smaller than lens A, lens 
B had to have its dia- 
meter brought up_ to 
match that of A_ by 
means of an extra bit of 
tube, C. These card 
tubes are easily made 
of brown paper strips 
and office paste, using 
the lens tube as a roller. 
but remembering that the FIGURE 117. 
paste-wetted paper will 

contract a trifle, the lens-tube should be covered with two 
laps of thick, smooth writing paper. Without this you may 
find your tube too tight when it is dry. Taking the diaphragm 
distance as the nominal “ separation,” we can apply the usual 
rule for finding the com- 
bined focal length of the 
four and three inch com- 
ponents. First multiply 
four by three, getting 
twelve. Now add four 
to three, getting seven, 
and substracting the dia- 
phragm distance or 
“separation,” say one 
inch, we get six. Finally, 
dividing twelve by six we 
get two inches as the focal 





length of the whole sys- . FIGURE 


tem. Asa matter of fact, 
this estimate was shown to be practically right, but the small- 
ness of the stops of one of the lenses gave an inconveniently 
restricted field. However, the idea is worth mentioning. 
Finally, Figure 121 shows this combination in use. Note the 
card support E, Figure 120, to take the front weight of the tube. 
We here get a side view of the object holder which, when 
combined with the front view of Figure 115, will enable this 
item to be easily made. The exposing black card S is shown, 
and also the reflector with its dowel-peg (cf. Figure 119) 
inserted in the baseboard. F. C. LAMBERT,,'M.A., F.R.P.S. 
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FIGURE 129. 
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ROYAL MICRO- 
SCOPICAL SOCIETY, 
February 21st, 1912.— 
H. G. Plimmer, Esq., 
F.R.S., president, in the 
chair. Mr. E. J. Spitta, 
with the help of the 
projection Lantern, de- 
monstrated the principles 
which should influence 
the photographer in the 
preparation of negatives 
from which coloured 
lantern slides were sub- 
sequently to be made. 
Commencing with photo- 
graphs of the spectrum 
taken upon the various 
sensitised emulsions at 

[3 present on the market, 
he pointed out the ne- 
cessity for the use of 
panchromatic plates. He 

FIGURE 118. showed a number of 
slides, macroscopical as 

well as microscopical, by means of which he contrasted the 
effects produced by colouring lantern slides made from 
ordinary plates with those prepared from panchromatic 
plates, and showed the wide possibilities which were opened 
up to the skilful artist. 

Mr. Rousselet com- 
municated the * Fourth 
List of New _ Rotifera 
since 1889” (t.¢., the 
date when Hudson and 
Gosse’s Monograph of 
the Rotifera was com- 
pleted by the issue of 
the supplement, recording 
altogether four hundred 
species at that time). 
The author explained 
119. that his three preceding 

lists, published in 1893, 
1897, and 1902, contained three hundred and _ ninety-three 
new species, and the fourth list now submitted two hundred 
and fourteen names, a total of six hundred and seven new 
species since 1889, After making allowances for synonyms 
and insufficiently recorded species, Mr. Rousselet estimated 
the present Rotiferous population of the world comprised 
eight hundred and fifty-seven species. A slide of Navicula 
socialis, presented by Professor T. Chalkley Palmer, 
was exhibited by the Society. This is a fresh water 
diatom, discovered by the donor in 1905 near Media, Pa. 








FIGURE 121. 
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_ A UNIVERSAL GEOMETRIC SLIDE PHOTO-MICROGRAPHIC APPARATUS.—We are glad to give in Figure 122 an 
illustration of a carefully designed piece of apparatus which Mr. J. E. Barnard described before the Royal Microscopical 


Society last November, and which he has now put on the market through Mr. Charles Baker. 


Extreme rigidity is obtained 


and it can be used with a vertical as well as an horizontal camera and with almost any type of microscope, whether it 


has a horseshoe or a tripod foot. 


All the pieces of apparatus carried on the geometric slide are mounted so that they may be 


centred accurately to the optic axis of the instrument, and may be clamped down when once their position has been determined. 














FIGURE 122. 


ORNITHOLOGY. 
By HuGH Boyp WatTT, M.B.O.U. 


ANOTHER NEW BRITISH BIRD—THE COLLARED 
FLYCATCHER.—The addition of this species (Muscicapa 
collaris Bechst.), to the British list falls to be chronicled 
this month, two male birds having been shot in Udimore 
Lane, near Winchelsea, on 12th and 13th May, 1911, respec- 
tively. This bird is similar in appearance to its near relative the 
Pied Flycatcher, but has a conspicuous white collar, well 
shown in the photograph given in British Birds for February 
1912 (Vol. V, page 238), from which the above particulars are 
taken. Its summer range is in south-east Europe generally, 
and it is very local elsewhere on the Continent. On passage 
it is known in most parts of Europe, Persia, Asia Minor and 
Palestine. It winters in Egypt. 


HYBRID GREENFINCH AND CHAFFINCH.—At the 
cage-bird show of the London and Provincial Ornithological 
Society held at the Crystal Palace, London this month 
(February), much interest was aroused by a hybrid bird 
between a Greenfinch and a Chaffinch. Such a cross is stated 
never to have been known before, and the particular bird 
shown is described as small and slenderly built with brownish 
plumage, tinted delicate green in certain lights. In captivity, 
the Greenfinch will inter-breed with the Canary, and in a wild 
state with the Common Linnet. 

THE LAST OF THE PASSENGER-PIGEON.—There 
now seems to be only a solitary bird (a female, about nine- 
teen years old, belonging to the Zodlogical Society of 
Cincinnati) alive to represent the famous Passenger or Wild 
Pigeon (Ectopistes migratorius), which, within the memory 
of living man, bred in enormous numbers all over the forests 
of North America. Wilson, the American ornithologist, 
estimated that a flock seen by him consisted of more than two 
thousand two hundred and thirty millions of birds, and 
Professor Newton, in repeating this, says that the bird is 
“still occasionally to be found plentifully in some parts of 
Canada and the United States” (Dictionary of Birds, 1893- 
1896, page 696). Now, within twenty years, it has fallen to 
the very verge of extinction, and the great researches, recently 
made to find survivors in a wild state, have been quite 
unsuccessful. It seems likely that the Passenger Pigeon will 
soon rank with the Great Auk as an historical species only. 
The last living examples in the Zodlogical Gardens, London, 
were presented in 1883, one of which survived till 1889. In 


the Natural History Museum, South Kensington, there are 
twenty-one specimens of this Pigeon. The species is on the 
British list as a “ doubtful” one, the five examples on record 
being looked on as introductions, although Professor Newton 
says that one shot in Fife in 1825 may have crossed the 
Atlantic unassisted by man (Loc. cit. page 697). 


THE FATE OF THE CAROLINA PARAKEET-— 
This bird (Conurus carolinensis) seems destined to pass 
away in like manner to the Passenger Pigeon. In North 
America at the beginning of last century it ranged in summer as 
far north as the shores of Lakes Erie and Ontario, but before 
the end of the century its limits were curtailed to the Gulf 
States. At the present date, except for some eleven individual 
birds in captivity in the United States, it has completely dis- 
appeared, In Europe, about thirty years ago, it was freely 
kept as a cage-bird, but it is improbable that there is now a 
living example on the Continent. The last specimen in the 
Zoological Gardens, London, died in 1902 and the last in the 
Berlin Gardens in 1904, 


HIBERNATION AMONG BIRDS.—A reviewer in the 
current number of “KNOWLEDGE” (February, page 70), 
speaks of the theory of the hibernation of swallows as “ long 
exploded.” That it still exists in a nebulous way, and is 
considered worthy of investigation in well-informed quarters, 
may be seen by the statements made recently by Mr. C. W. 
Nash, biologist to the Ontario Government. He writes: “I 
have found evidence (of a sort) which leads me to believe 
that the Purple Martin and Chimney Swift may at times 
become partially dormant, and I have received recently from 
an eye-witness an account of the cutting down of a hollow 
tree near Peterborough (Canada) in the month of January 
many years ago. This tree is said to have contained hun- 
dreds of swallows in a dormant state, some of which were 
revived. I have the names of other witnesses of this curious 
incident, and am looking them up.” This cannot be called 
conclusive evidence, but the result of the enquiries to be 
made will be awaited with curiosity. It may only be a coinci- 
dence and not in any way to be looked on as a corroboration, 
but the winter quarters of the Canadian Chimney Swift, one of 
the birds named, are not known. Such a fact shows how 
deficient we still are in complete knowledge of the localities 
and regular movements of even common birds, whilst, as 
regards the causes and reasons of migration, many of the 
theories and conjectures put forward seem to be as inade- 
quately supported by proof as is the theory of hibernation. 
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A CONVEYED PEREGRINE. — On the morning of 
29th December last a Peregrine was found flying round one of 
the rooms in the General Post Office, Glasgow, but this 
puzzling occurrence has been nicely explained by Mr. John 
Paterson. He writes:—’’ When the S.S. Anchoria of the 
Anchor Line, on her maiden trip to Calcutta, had been in the 
Red Sea a couple of days, a hawk was seen on the top of one 
of the masts getting an assisted passage on its southward 
journey in the wake of the migrating flocks from the north, on 
whom it naturally preys.” The bird was secured by a sailor; 
and in a box, fitted as a cage, ** made the journey to Calcutta 
and Glasgow, by way of some Italian ports.’’ It was pre- 
sented by the captain of the steamer to Mr. Paterson, in 
Glasgow, who was curious to exactly know what kind it was. 
He found it to be a “‘young peregrine falcon . . . . or 
passage-hawk, the name falconers gave to a young bird caught 
during the season of migration.’’ Having satisfied hiinself, 
Mr. Paterson thought to give the bird 
freedom and accordingly let it off 
within the city of Glasgow. Such 
freedom as the atmosphere of Glas- 
gow may afford to a falcon was 
apparently not congenial, and the 
following morning found the bird in 
the toils again, as above mentioned. 
The case is a good illustration of 
how “casual” introductions may be 
made into our fauna, by man’s agency. 


WADING BIRDS INLAND ON 
MIGRATION.—In East Renfrew- 
shire a group of small upland 
reservoirs, of which Balgray Dam is 
the largest, has been long known to 
Clyde bird-men as a resort of waders 
and other water-birds. Mr. John 
Robertson, who has paid particular 
attention to the locality, reports that 
the autumn of 1911 was the best 
season there for waders in his ex- 
perience of sixteen years. The 
shortage in summer rainfall led to 
the exposure of so great an area of 
the bottom of Balgray Dam that 
passing birds were attracted to it 
as a feeding ground in greater 
numbers than usual. Mr. Robertson 
considers these birds to be making 
their way from the Forth to the 
Clyde; that is to say that these 
dams are a point on a line of 
migration-flight across Scotland. The 
spot is not particularly favoured in natural situation and 
surroundings, being on the edge of the extensive industrial 
area of the lower Clyde valley, and almost in touch with 
suburban Glasgow, but no fewer than twenty-two species 
of waders have been noted there. Of these Mr. Robertson 
observed seventeen last autumn, from August to October. 
The movement began with the appearance of Ringed and 
Golden Plovers on 30th July, and the most noteworthy birds 
seen were the Turnstone, Curlew-Sandpiper (up to 20 in 
numbers), Knot (up to 24), Ruff, Green Sandpiper, Greenshank, 
and Bar-tailed and Black-tailed Godwits. In previous years 
the Grey Plover, Little Stint and Spotted Redshank had been 
seen. (John Robertson—The Glasgow Naturalist, Novem- 
ber, 1911, volume IV, pages 7-10. Glasgow: John Smith & 
Son, Ltd.) Of the above-named, it may be remarked that it is 
quite exceptional to find the Turnstone, Knot, and the two 
Godwits inland in Scotland. 


PHOTOGRAPHY. 
By EDGAR SENIOR. 


PHOTOGRAPHING THE INVISIBLE.—Mysterious as 
the above title may appear, it has no connection with ghosts 
or spirit photography, but is merely intended to infer that, as 





FIGURE 


A Portrait taken with Ultra-Violet Rays. 
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far as the eye could discern, no light whatever reached the 
photographic plate. Such, however, were the conditions 
present, that plenty of rays which our eyes had no cogniz- 
ance of, were able to do so and act photographically upon it. 
As far back as 1801, Ritter, of Jena, proved the existence of 
rays having very powerful photographic properties occupying 
a region beyond the extreme violet end of the spectrum, which 
do not excite the organs of vision, and to which the name 
ultra-violet is given. To Sir George Stokes we owe the dis- 
covery of how to make this region apparent. The beautiful 
experiment consists in placing a card, which has been coated 
with quinine sulphate made slightly acid, in their path, when 
rays which were previously invisible at once shine forth, and 
the extent of the spectrum beyond the violet becomes apparent. 
That these ultra-violet rays have powerful chemically active 


properties is well known, their behaviour towards silver. 


chloride being of special interest. If a piece of fused silver 
chloride be placed in front of the slit 
of a spectroscope, the light that passes 
through forms a spectrum apparently 
unaltered in range from the ordinary 
one. but if a card coated with a solu- 
tion of quinine sulphate be placed in 
position beyond the violet no effect is 
produced, the invisible rays appear 
entirely absent; but the removal of 
the slab of silver chloride at once 
“makes them appear, and from this we 
gather thatthesilver salt has absorbed 
them, and that chemical action will 
consequently take place in this region. 
In fact, the violet and ultra-violet rays 
are the most active upon silver salts 
generally, as well as those of iron, 
uranium, chromium, and so on, and 
to such an extent is this the case, 
that formerly the violet end of the 
spectrum was regarded as_ the 
seat of chemical energy, and the 
name actinic rays applied to that 
region. This, however, can no 
longer be the case, as all parts 
of the spectrum are actinic, accord- 
ing to the nature of the sensitive 
compound employed. The idea of 
taking advantage of the sensitive 
uess of silver salts to these rays 
of short wavelength, and so obtaining 
vs photographs of things invisible to 
‘ak our eyes is almost as old as photo- 
graphy itself, for we find the 
suggestion of the experiment outlined 
in the * Pencil of Nature,’ published by Fox Talbot in 1844. 
After describing the production of a solar spectrum and 
the effect produced upon a sheet of sensitive paper by the 
rays beyond the violet “whose existence is only made known 
by the chemical action they exert,’’ he suggests the possibility 
of separating them from the rest by passing them through an 
aperture into an apartinent, or room, and so filling it with 
invisible rays, when, if a camera were so placed as to point in 
the direction of any objects, photographs might be taken by 
means of the action of the invisible radiations upon the sensi- 
tive plate. Talbot thus believed that it would be possible for 
a person seated in a totally dark room to have a portrait 
taken in the ordinary manner, or, in other words, that we 
should be able to photograph the invisible. The very 
fascination of the subject induced the writer, ‘some years ago 
now,” to experiment in the direction indicated, with the result 
that among those photographs produced in this way that of 
greatest interest “from its close connection with the ideas of 
Talbot,” is the one that is reproduced above to form Figure 123. 
Although not carried out in quite the same manner as that 
suggested, the principle remains the same, as only those 
dark rays which exist beyond the violet were utilized, all 
visible light being cut off by means of a screen devised by 
Professor R. W. Wood combining a piece of cobalt blue glass 
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with a film dyed with a solution of Nitrosodimethylaniline. 
NO : 

which allows only ultra-violet rays to pass 
N (CH3)2 
through. To illuminate the sitter, an arc light was employed 
and the exposure with a rapid plate was five minutes. The 
sharpness of the image is not all that might be desired, but 
this is no doubt due to the difficulty of ascertaining the correct 
focus, together with the want of correction of the lens 
(a portrait one) for these rays. Considering that the lens and 
screen employed were composed of glass, the results obtained 
are remarkable, as this material is very opaque to ultra-violet 
rays; so that,as suggested by Professor Wood, quartz, which is 
exceedingly transparent to these invisible rays, should be 
employed instead, and lenses made of this material on the 
surface of which a thin film of metallic silver has been chemi- 
cally deposited to such an extent that there is complete opacity 
to visible light and only those rays between three thousand 
and three thousand two hundred transmitted. A_ great 
peculiarity about photographs taken in ultra-violet light is the 
absence of strong shadows, and the rendering of some white 
flowers almost black. Again, their actionin causing fluorescence 
and phesvhorescence are well known, and in all probability in 
extreniely short wavelengths they constituted X-rays. Two 
French savants are also credited with the discovery that all 
explosives are very unstable in ultra-violet light. Ultra-violet 
light is also made use of in the sterilisation of water, a mercury 
vapour lamp enclosed in a quartz chamber being employed 
for the purpose. Further examples might be taken showing 
the action of these rays, until we might almost feel inclined to 
use the phrase “ Ultra-violet light magic!” in all seriousness. 


EXPOSURE TABLE FOR MARCH.—tThe calculations 
are made with the actinograph for plates of speed 200 H and 
D, the subject’a near one, and lens aperture F16. 
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PHYSICS. 
By ALFRED C. G. EGERTON, B.Sc. 

A NOTE ON FLUORESCENCE.—A large number of 
substances when they absorb light give out light of different 
wavelength. Thus, if a piece of uranium nitrate be held in a 
beam of ultra-violet invisible light, it will become visible and 
give out wavelengths ranging through the green portion of the 
spectrum. If a little fluorescein is shaken on the surface of a 
jar of water, the fluorescein as it dissolves gives beautiful 
streaks of green in the liquid, though when the solution is 
mixed up it transmits an orange light. Light passing through 
the liquid has certain wavelengths absorbed from it, and the 
energy thus absorbed goes partly to set the electrons within 
the fluorescein molecule vibrating and give out light of their 
own particular period—a vivid green light. Kaempf has 
recently passed light through a solution of fluorescein, both 
when it is rendered fluorescent by light from another source 
and when it is not, and the intensities of the transmitted light 
are then compared. No change in the intensity of the 
transmitted light is caused by the fluorescence set up by the 
other light source. Every absorbable wave has its energy 
subtracted from the incident beam of light and the absorption 
is independent of the intensity of the incident light. 

Many substances fluoresce, examples giving very beautiful 
effects are eosin, magdala red, rhodamine, aesculine, quinine. 
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It is probable that the list of fluorescent substances is very 
large; only the emitted light is in the infra-red and invisible 
region of the spectrum. 


POSITIVE IONS FROM METALS.—When metals are 
heated in vacuo, positive ions are given off. It is not yet 
certain whether the ions are due to adsorbed gases or to traces 
of impurities or to chemical reactions with the metal, residual 
gases and glass, and the like, to which the metal is attached. The 
adsorbed gases, according to recent work of Klemensiewiecz, 
appear to cause most of the effect; but Professor Richardson 
has shown that the marked positive ionisation effect obtained 
with aluminium phosphate is chiefly due to the presence of 
sodium salts. 


GRAVITATIONAL FORCE.—tThe accurate measurement 
of the force of gravity, which varies at different parts of the 
surface of the earth, is a matter of some difficulty. The 
counting of the number of swings that a pendulum of known 
length will make in a known time is the principle on which all 
accurate methods rest. The pendulum is hung from a rigid 
support in an air tight case from which the air is partially 
exhausted, and with the aid of chronometer and electric flash 
apparatus the time of half-swing of the pendulum is observed. 
The support of the pendulum must either be quite rigid, 
which is practically impossible to attain, or its movement 
must be known. The support should be mounted on a con- 
crete pier extending six-feet into the ground, and its motion 
determined by means of an optical instrument detecting very 
slight movement, called an interferometer. The measurement 
of gravity at sea can only be accomplished by a comparison 
of the height of the mercury barometer and of the pressure 
calculated from the temperature at which water boils. Where 
the force of gravity is greater, the height of the mercury 
column will be slightly less than the height calculated from the 
boiling-point. 


EMISSION OF ELECTRICITY FROM HEATED 
CARBON.—Drs. Harker and Kaye have found that if two 
insulated carbon electrodes are placed in a high temperature 
furnace, and one of the carbon poles is cooled, that a current 
is set up between the two through an ammeter connected to 
them. By cooling one of the electrodes a permanent current 
is maintained of 0:8 ampére nearly. The currents are pre- 
sumably due to discharge of negative electrons from the hotter 
electrode, a current being thus able, through the ionisation of 
the gas in the furnace, to pass from one electrode to the other. 
This effect appears to lend support to the ideas held about the 
action of an oscillatory Dudell arc. 


PHOTOELECTRIC FATIGUE.—Experiments made by 
H. S. Allen and by J. Robinson on the fatigue shown by 
various metals in the production of negative ions by the 
stimulus of ultra-violet light, are somewhat at variance. 
Robinson’s results show that such fatigue exists. Ultra-violet 
light passes through a window of quartz, and falls on a polished 
plate of zinc. It then charges itself with positive electricity if 
insulated. The potential can be measured by an electrometer. 
The rate of charging is diminished when the plate is exposed to 
ultra-violet light at zero potential at the commencement; but 
if the plate is “fresh,” i.c., kept in the dark for some time 
previous to exposure, the rate of charge is much greater. 
Hallwach’s theory of the cause of photoelectric fatigue is that 
when electrons leave the surface of a metal, the stream will 
draw up out of the metal occluded gas molecules, which will 
accumulate at the surface and prevent the electrons getting 
through, since these slow-moving electrons are easily absorbed 
by gases. If the plate is charged positively no electrons leave 
the surface, and there will be no accumulation of gas there, 
and therefore no fatigue. Recovery from fatigue is supposed 
to be due to the gas becoming more unitormly distributed 
within the metal. Experiments were also carried out with 
aluminium. 

AFTERGLOW OF ELECTRIC DISCHARGE.— 
Professor Strutt has recently given an account to the 
Physical Society of the continuation of his work on the 





118 


afterglow occurring in air, oxygen and other gases under 
low pressure after the passage of an electric discharge. He 
had found that the yellow glow was due to the combination 
of nitric oxide and ozone after the passage of the discharge 
which formed these substances from the air passed through. 
But the explanation was not quite satisfactory, because it was 
found that ozone from a Siemens’ ozonising apparatus was 
not made capable of giving the glow by mere rarefaction in 
presence of nitric oxide. Professor Strutt finds, however, 
that the cause of this is the low concentration of ozone 
produced by such methods; for on condensing out the ozone 
as a blue explosive liquid and then letting it vaporise into a 
vacuum, and treating it with a small quantity of nitric oxide, 
the glow is at once produced. He thus shows that the 
discharge in rarefied air produces a very considerable 
percentage of ozone. The intermittent discharge passed 
through air at ordinary pressure and especially at slightly 
reduced pressure gives a yellow flame with a sharp apex 
considerably above the curved path of the electric 
current through the air. This flame is the glow produced 
by the combination of nitric oxide and ozone. Oxygen 
itself gives a glow of a pale whitish aspect. It has been 
long a question whether this is due to impurity or not. 
Professor Strutt was able to demonstrate that the glow is due 
to water vapour as an impurity in very small quantity. If a 
wire connected to a Leyden jar be coiled round a glass bulb 
containing rarefied pure oxygen, the afterglow can be produced 
by the electrodeless ring discharge ; but if a fine tube connected 
to the bulb be immersed in liquid air, the water vapour is 
condensed out and the afterglow is extinguished. The 
electrodeless ring discharge has been recently investigated in 
the Cavendish Laboratory at Cambridge. It has been found 
to be useful in distinguishing the presence of gases in small 
quantities as impurities in another gas, the masking effect of 
one spectrum on another being less apparent in the case of 
the electrodeless discharge. Various spectra are obtained 
under different pressures, and different intensities of discharge, 
these being peculiarly evident in the case of argon, which 
gives either a red or blue glow under the different 
circumstances. (See Donaldson, Phil. Mag., October, 1911.) 


ZOOLOGY. 
By PROFESSOR J. ARTHUR THOMSON, M.A. 


WHALES’ HAIRS.—Although 
minimum in Cetaceans, there is probably no species entirely 
without them. Dr. Arnold Japha has recently studied five 
baleen whales and six toothed whales, and has found hairs 
about the lips of them ‘all. Apart from their great reduction 
in number, they show distinct signs of retrogression. The 
hair-muscles and glands have gone, the hair-shaft is greatly 
reduced, the root-sheath is simpler than usual, and there is no 
hair casting. On the other hand, there is very interesting 
specialisation, notably in the rich supply of nerve-fibres and 
in the way these end in the hair-follicle. There may be four- 
hundred nerve-fibres to one hair, so that if there are twenty-five 
hairs on the chin there are ten thousand nerve-fibres on a 
small area. In the toothless Cetaceans at least it seems 
highly probable that these sensitive hairs play a réle of some 
importance in food-getting. 


hairs are reduced to a 


REPRODUCTION OF BROWN RATS.—tThe economic 
and medical importance of the brown rat makes it particularly 
desirable that we should know as much about it as possible. 
Newton Miller has furnished some precise data as to the 
details of reproduction,—based on the study of rats in 
captivity. The creature breeds all the year round. The young 
are carried from twenty-three anda half to twenty-five and 
a half days before birth. The number in a litter varies from 
six to nineteen, with an average between ten and eleven. Five 
or six litters may be actually reared by a single pair in the 


course of a year. If the young are destroyed or removed at 


birth, there may probably be a litter every month ; in one case 
seven litters were produced in seven months by one female. 

There is very little in the way of courtship. 
important in sex recognition. 


Smell seems 
Males fight persistently with 
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one another and the conquered afterwards try to elude the 
victors. The females may, and usually do, resist the 
males for a little while, but they soon give up the contest. 
After the fighting period, males will often permit themselves 
to be severely punished by the females without injuring them. 
Brown rats in captivity eat almost fifty per cent. of their young 
at birth; and mostly, if not always, the females are the 
culprits. They do this even when apparently undisturbed, 
and even when they are getting meat in their diet. The 
explanation remains obscure. Brown rats are not full grown 
before eighteen months, but sexual maturity is reached by 
both sexes not later than the end of the fourth month. 


RESULTS OF IMPRISONMENT IN DARKNESS.— 
J. Ogneff kept gold-fishes in a roomy tank and with plenty of 
food (earthworms and Chironomus larvae), but in absolute 
darkness. He kept it up for over three years, and then 
observed the modifications that had occurred in the fish. The 
colour first became black, but after the second year it became 
golden again, and the reason for this is interesting. In the 
first instance the dark pigment-cells spread out, and covered 
up the subjacent layer of crystals which gives the gold-fish its 
golden sheen. In the second instance the phagocytes devoured 
the dark pigment-cells and thus re-exposed the golden laver. 
The changes in the eye were even more interesting. The 
structure of the pigment- epithelium of the eye was completely 
altered, and there was a complete disappearance of the rods 
and cones, and of some other characteristic layers of the retina. 
Profound atrophy of the eye occurred. The fish became 
totally blind. Ogneff’s experiment suggests that an individual 
fish imprisoned in a perfectly dark cave would become blind. 
But it does not throw any direct light on the origin of a blind 
race of fishes in caves. 


DEFENCES OF BIVALVES.—Everyone is familiar with 
the elaborate outgrowths from the surface of some Lamelli- 
branch shells, which seem like a waste of shell-making 
material and energy. Mr. Cyril Crossland propounds a 
theory of their significance,—that they are often protective. 
In some species they are larger in the young forms and they 
are of value during the relatively more active period when the 
young pearl-oyster, or Avicula, or Tridacna is crawling about 
and seeking a suitable place for settling down on. An enemy 
like the shell-eating fish Balistes prefers those with weaker 
shells. Another enemy, the boring Gasteropod Murex, kills 
more of those with smoother shell. Thus it kills large 
numbers of Margaritifera mauritiit which has small and 
weak processes, but few of Margaritifera margaritifera 
which has large strong processes remaining well-developed 
for at least six years. It seems that the strong processes 
prevent the Murex from readily getting a firm hold with its 
foot, and without this it cannot work the drill in its proboscis. 
Mr. Crossland explains how the Murex often kills the bivalve 
without boring. ‘It finds the flexible edge of the shell, then 
by contractions of its foot breaks a piece away. The mucus 
of the foot-glands is then poured out in quantities, and this 
has some poisonous effect, as the animal, while still untouched, 
ceases to respond to the stimuli which ordinarily cause a 
smart closure of the shell.”’ 


SENSITIVENESS OF SEA-URCHINS’ PEDICEL- 
LARIAE.—In experimenting on the sensitiveness of a sea- 
urchin (Toxopneustes variegatus) to a shadow cast upon it 
in the water, Dr. R. P. Cowles discovered a remarkable fact— 
that the snapping spines or pedicellariae react quite definitely 
even after being cut off from the body. There are two kinds, 
big and little, which respond differently to stimulus. One of 
each kind was placed in a large dish of sea-water, and exposed 
to direct sunlight; the large pedicellaria opened its jaws, and 
the small one shut its jaws. When, however, a patch of 
shadow was threwn upon them, the jaws of the former closed 
while those of the latter opened. The change of the reaction 
resulting from a change in the intensity of the light stimulus 
was repeated many times with these two pedicellariae. The 
experiment proves that the pedicellariae act independently of 
the radial nerve, and confirms the view of von Uexkiill that 
the pedicellariae have the dignity of a reflex person. 





























From a photograph 


FIGURE 124. Halley’s Comet, May 4th, 1910. In the dark 


by E. E. Barnard. 


night and clear air of New Zealand, the end of the tail 


seemed fully twice as wide as in this photograph. 


THE NEW 
COME 


By PROFESSOR A. 
THEIR OCCASIONAL MAGNIFICENCE, 
WHEN one has seen Comets at their greatest mag- 
nificence, there is no cause to wonder that during 
the long ages of ignorance these celestial visitants 
should have been looked upon with awe and fear. 
Sometimes they seemed 
to be fiery chariots to 


carry the soul of the 
dead hero to eternal 
glory, or as portents 


of disaster to tell men 
to repent and to change 
their evil ways. 

When a youth, I saw 
Donati’s Comet a 
vast luminous scimitar 
stretching from zenith 
to horizon, its vast 
dimensions dwarfing 
everything. I remember 
how toy-like the trees 
and houses looked in 
contrast with the vast 
immensity of thissuperb 
comet. Then again, the same effect repeated itself with 
the recent visit of Halley’s Comet ; only as I saw it in 


as 


FIGURE 


Diagram illustrating the path « 
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one hundred and ten degrees. 
as it rose, tail first, it had the appearance of a broad 





line represents the orbit of a comet. 
the radial direction of the tail from the sun, the retardation 
of its distant part into a curve. 


ASTRONOMY. 


4 it 3 
W. BICKERTON. 

the Antipodes, Halley’s Comet was still bigger than 

Donati’s. At its best it subtended an angle of fully 

In the early morning, 


silvery aurora springing up and covering a_ great 
width of the Eastern 
horizon. Gradually as 
it rose it narrowed and 
increased in intensity. 
It was many hours 
before the head came 
into sight and_ the 
whole majestic spec- 
tacle revealed itself. 
(See Figure 125.) When 
fully in sight the dawn 
took something from 
its brilliancy, but even 
when thus diminished it 
was a memorable sight. 
Strange that its appear- 
ance should have been 
so insignificant in Eng- 
land. This may have 
been partly due to the haze in the air. When one is first 
in New Zealand, the extreme clearness of the atmos- 


1 2 


£ the Comet. The dotted 
The diagram shows 
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phere destroys one’s capacity of judging distances. 
Many a time I have asked tourists, who were standing 
on the terrace of my house, the distance of the 
Southern Alps; the answer seldom exceeded ten per 
cent. of the eighty miles away. Nor do I think the 
idea that the Galaxy originated in the impacts of two 
previously existing sidereal systems would ever have 
occurred to me in England. I have been here 
nearly one and a-half years and have looked times 
without number, yet never have I seen the outline 
of the Milky Way so clearly as to suggest the idea of 
that centrifugal motion that came with such over- 
whelming force to me as I examined the Southern 
sky. If we could join with other rational nations 
and bring about reduction of armaments, and then, 
if the people of England, with a true imperial spirit, 
should act together with our overseas dominions, 
and with the price of a Dreadnought erect an 
observatory under those clear Antipodean skies, such 
an establishment would enable the many unsolved 
problems of astronomy to be hopefully attacked. 
Excuse the parenthesis, but the New Zealand 
skies are the true field for celestial observation. 


FINDING COMETS. 

The keen artistic eye of the astronomer readily 
detects a change in the stellar pattern. Perchance 
he sees a new speck of light helping to fill a former 
void. “ What is it?” he asks. Is it another planet 
or an asteroid? Is it a new star or acomet? If it 
is a planet or an asteroid, it will probably be found 
among the Zodiacal constellations in the plane of the 
ecliptic. Ifa nova, it will probably approximate to 
the plane of the Milky Way, and occupy a permanent 
position among the stars. If a comet, it may be 
anywhere; but because many of the periodic comets 
have been caught by the entrapping action of the 
planets, those whose orbits approach near the Sun 
will tend to aggregate towards the plane of the 
ecliptic. 

After a time, our astronomer, who has detected 
the new spot of light, finds it changes its place 
among the stars of the constellation; hence it is not 
a nova. If it begins to show a considerable and 
hazy disc, with a distinct nucleus, it is probably a 
comet. Then as it approaches the Sun aaé tail 
generally appears. It has now all the characteristics 
of a comet, and so is declared to be one by the 
astronomical world. Then many other optic tubes 
are directed to further study its character and to 
plot its orbit, to photograph its form and study its 
spectrum. , 

NORMAL COMETS. 


Let us now examine what the countless observa- 
tions of the astronomers and spectroscopists have to 
tell us of the salient characteristics of a normal 
comet. Then we will use our powers of induction 
and deduction on this assembled set of observational 
facts, and, using also the accepted physical forces 
and laws of nature, try and formulate an explanation 
of the wonders of normal comets and treat further 


these explanations in the light of those that show 
abnormal characters ; remembering always that it is 
the normal that is our true study as regards comets or 
any other special phenomena which we are attacking. 
The abnormal we must use as being chiefly of value 
in tending to reveal undiscovered cosmic forces and 
unrevealed laws of nature, such as have been so 
prodigally opened to our imagination within the last 
decade or so. 

Let us examine the normal comet and try to 
fathom its mystery. 


A NORMAL COMET. 


It consists of a nebulous star-like body or head, 
with an immense luminous plume or tail; the tail is 
frequently curved, it is not infrequently multiple, 
and where its several parts are unequal in volume 
the thinner portions tend to be the straightest. 

As the comet travels in its orbit, the tail is almost 
always directed away from the Sun. The tail is 
generally curved in such a way as to suggest a lag, 
as though the tail had been produced by an impulse, 
and the luminous effect had taken time to travel. 
The appearance of some comets is not altogether 
unlike a rocket, but the rocket leaves its tail behind 
it, whilst the comet travels with its tail side on. 
The nearer to the Sun the greater the tail grows to 
be. Figure 125 shows the normal character of a 
comet as it passes the sun in the perihelion portion 
of its orbit. 

The drawings of many comets show a kind of 
series of partly ensphering shells being projected 
from their heads towards the sun. 


TENUITY OF COMETS. 

The head even of a comet is of extreme tenuity, 
so that stars have been seen completely through 
some of them in their densest parts. Comets have 
also passed in front of the Sun, yet no sign of any 
eclipse effect has been seen; nor even the slightest 
darkening has been observed. These two facts, 
combined with others, suggest that comets are of the 
character of a swarm of meteors. 

A comet has been known to part into two, and 
travel as distinct parts, and finally dissipate 
altogether. The Earth in its orbit intersects the 
orbits of some comets, and on the days of nearest 
approach the sky is lit up with a brilliant display of 
meteors, with an effect as though they shot in every 
direction from a radiant point. (See Figures 126 and 
127). Some of these displays have been of extreme 
brilliancy and beauty. Astronomers and travellers 
who have seen such phenomena at their best, 
describe them as of such superb grandeur as to out- 
shine the most magnificent pyrotechnic display. 
Those of us who have seen only ordinary examples 
of these exhibitions, know how glorious even such 
sights are. 

Comets appear to shine by reflected light, but as 
their luminosity often increases more quickly as 
they approach the Sun, then the law of the inverse 
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squares suggests they probably become self-luminous might be expected; because even supposing fully sixty 
as they become subject to the Sun’s tidal action and _ per cent. of comets were hyperbolic, we might reason- 
the heat of impact, and as the light of electricity ably expect to appear to see ten or even fifty times 


produced by friction is developed. as many that were not hyperbolic ; as once a comet 
: is entrapped it will appear again and again, whilst 

THE MASS OF COMETS. : : PI Bee é é ae a pes 

an hyperbolic comet comes once and goes for ever. 

Comets have approached very close to planets and Our solar system has probably had some scores of 
their moons, without any millions of years in which to 


entrap comets. Hence it is 
of supreme importance to 
very carefully look for hyper- 
bolic comets. The discovery 
of even one in a lifetime 
would be important evidence, 
and tell us much of the 
origin of these bodies. 


disturbing effect having been 
able to be demonstrated ; 
hence in a cosmic sense they 
cannot be of great mass. 
All the evidence suggests 
that they are small meteoric 
swarms, so small that they 
have been called “ pinches 
of cosmic dust.” But our 
earth has also been called “a 
speck of cosmic dust,” yet 
we know its mass Is far from 
insignificant. 

So with the comets. It 
appears to me that their real 
mass must be considerable ; 
for unless there were great 
mutual attraction, the Sun’s 


THE SPECTRA OF COMETS. 

A good deal of conflict 
seems to exist as to the 
spectra of comets. There has 
always been a tendency to 
ascribe much of their ob- 
served effect to carbon and 
its compounds. Professor 
Fowler has quite demon- 





differential pull on __ their FIGURE 126. strated the existence of 
several constituents must dis- The above diagram illustrates a set of parallel carbonic oxide in both the 
perse them. Had they fully meteors, a part of a train, plunging into our heads and tails of some 
one-millionth the mass of the  2t™osPhere. The apparent radial direction is = Comets; but we require to 
e chee an effect of spherical perspective, as is also the 

Earth it is probable that under _jengthening of their curves, as they increase in Know a good deal more 
the conditions observed their distance from the radial point. than we do about comets’ 
perturbing action could not be spectra. 

measured. Yet such a meteoric swarm would have THE SURPRISING VARIETY OF THE PHENOMENA 
a mass of six thousand millions of millions of tons, PRESENTED BY COMETS. 

and this I imagine is what we must accept to be the The above are some of the more salient and 
order of the mass of a normal characteristic properties of 


comets, but they are very ex- 
traordinary objects, and they 
teem with surprises and have 
extraordinary varieties of 
structure (See Figures 129 and 
131); so varied, indeed, that it 
looks as though a long time 
must elapse before all of even 
their generic characteristics 
shall be understood and receive 
a satisfactory solution. 


comet. Although the passage 
of the earth through a comet’s 
tail has not been able to be 
detected when such an event 
has occurred, if the earth 
were struck by the actual 
nucleus of a comet, I imagine 
the inhabitants would have a 
very warm time, with possibly 
no one left to tell the tale of 





its temperature. FIGURE 127. 

Drerurnance : Pesrienas A Meteor heated by friction of the atmos- Dense Cos : Masses 
ISTl RBANC I AND : ISTOR- phere and its volatilized train. It has not ENSE COSMIC MASSES. 
TION OF COMETS’ TAILS. yet split or exploded. Meteors frequently do It is pretty clearly evident 
The tails of comets not so, and the parts scatter. that comets are meteoric 

infrequently seem to be swarms, and it is almost 


subject to a tearing or distorting action. They certainly the fact of their fragmentary character that 
sometimes temporarily split into parts, or become causes their brilliancy. It seems clear, however, that 
irregular and roughly nucleated. They appear to single bodies of many times their mass might easily 
be encountering some disturbing force in their pass through our system without their being seen. 


passage through space. (See Figure 128). When such a dense mass struck the Sun it would act 
as a detonator, that would cause the solar energy 
THE ORBITS OF COMETS. to develop a most surprising solar disturbance. 
The orbit of the majority of comets is either EXPLANATIONS. 


elliptic, or closely approximates toa parabola. This We will now try to offer some tentative suggestions 
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to account for some of the manifold characteristics 
of comets. As we have already shown, it is fairly 
well established that they are meteoric swarms. We 
will therefore try to deduce the phenomena that will 
ensue when such a swarm approaches the sun. The 





by E. E. Barnard. 


From a photograph 


FIGURE 128. 


September 30th, 1908, 47 minutes’ 
Comet’s tail showing distortion. 


Comet 1908. III. 
exposure. 


particles composing the swarm are almost certainly 
kept in leash by mutual gravitation. Every meteor 
has an independent orbit. 

Almost certainly the constituents occasionally 
collide, even in distant space. Suppose the swarm 
has approached the Sun, each particle is falling 
towards him independently of the others, yet acted 
on by all the others. Some comets have passed less 
than a radius away from the Sun’s surface. The 
parabolic velocity acquired by the fall of each 
particle to this position would be of the order of close 
on three hundred miles a second. The near particles 
would be made to move enormously swifter than 
those at the distant part of the swarm. Every orbit 
would be so disturbed that many of the outer ones 
would stray away from the general mass never to 
return. They would continue to move roughly in 
the comet’s orbit, not, however, by any means exactly 
so, and a broad swath of meteorites would be pro- 
duced. Ifthe comet were periodic, the varied velocity 
of the particles would cause this field to extend itself 
until the whole orbit would be more or less spread 
with the meteors. The crowd of particles would 
not only extend itself lengthways in the orbit, but 
would broaden also, gradually spreading space with 

It is this spread of material the Earth 
that the luminous radiant 


cosmic dust. 
encounters 
swarms. 


gives us 
LUMINOSITY OF COMETS. 


When a comet approaches the Sun, the disturbing 
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action of solar attraction would cause many impacts. 
These would temporarily spread the swarm with gas 
and other resisting material ; this in addition to the 
heat of innumerable impacts would cause much 
friction and result in the development of electricity. 
Both effects would produce luminosity, whilst solar 
radiation itself would be reflected. - When the comet 
was near the Sun the latter would also be a great 
heating factor. 
THE ENVELOPES. 


In a number of experimental investigations, I have 
shown that when matter carries off electricity it 
tends to do so in pulses. The potential gradually 
rises until it produces disruption. This disruption 
produces heat. This motion of heated molecules 
seems to possess the power of taking off electricity, 
and lowering the potential almost or quite to zero. 
Then the potential commences to grow again until, 
once more, discharge takes place. Some such action 
as this may account for the partially ensphering 
envelopes that seem to be projected from some 
comets. 


THE TAILS OF THE COMETS. 


When we consider all the physical facts, by no 
stretch of imagination does it seem possible to think 
that the tails of comets are material emanations pro- 
jected from the head. Is it rational to think of them 
as a kind of feather or material plume, attached to 
the nucleus, that swings around at the pace of scores 
of millions of miles an hour? Or that it is made up 
of material particles, projected radially from the Sun 
the whole length of the luminous plume in each,new 





From a photograph taken at The Royal Greenwich Observatory. 


FIGURE 129. 
Comet 1908. III. September 29th, 1908, 50 minutes’ 
exposure. The photograph shows a strangely abnormal 
appearance in the tail, and apparent distortion, perhaps 
due to electricity in space. The meteoric swarm is 
probably diffused around a somewhat dense centre. 
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position the nucleus occupies? No dynamical 
suggestion, save that of some radiative or electrical 
phenomenon, seems to satisfy the conditions. The 
pressure of light has been tried, and does not appear 
anything like great enough to explain the phenomena. 
For over thirty years I have. examined suggestion 
after suggestion with no dynamical satisfaction, and 
nothing but an induced electrical phenomenon seems 
left as a probable cause. Many facts point to the 
Sun being an electrified body. The frictional disturb- 
ance produced by its tidal action on the cometic 
particles must produce electrical separation. The 
like kind is attracted, the other repelled. The 
phenomenon of ensphering envelopes suggests that 
the attracted kind escapes, and leaves the comet 
charged with the unlike kind. Aided by the Sun it 
produces an induction that acts upon the matter of 
space, and temporarily separates the two, electric 
stress producing luminosity. The greater the nucleus 
the greater the self-repulsion produced, and the 
slower the impulse travels, and consequently the 
greater the resultant curve. With subordinate nuclei 
the self-repulsion is not strong, and the impulse 
travels faster and the subordinate tail is straighter. 

If the head is made up of many orbitally connected 
nuclei the tail is multiple, the several parts mutually 
repelling one another. (See Figure 130). 


DISTORTION OF TAILS. 

Why are the tails of comets sometimes subject to 
such apparently violent action? Possibly because 
some passing meteoric swarm has already set up 
electrical conditions in space. 





Lhe Royal Greenwich Odservatory. 


From a photograph taken at 
130. 


1908. III. October 3rd, 1908, 30 minutes 
Multiple tails, possibly due to several nuclei. 


FIGURE 


Comet 
exposure, 
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THE CHEMISTRY OF THE SPECTRA. 
Why does the carbonic oxide show throughout the 


mass of a comet ? Possibly because carbonic oxide 





The Roval Observatory, Cape of Good Hope. 


From a photograph taken at 
FIGURE 131. 

Comet 1901. I. May 4th, 1901, 15 minutes’ exposure. 

Tail produced by an apparently dense meteoric swarm. 


may be spread through space. Why is cyanogen 
seen in the head? Possibly because this compound 
of carbon is formed at excessive temperatures, as it 
is known to be a constant constituent of the gases of 
the blast furnace. Of course, it would burn were 
there free oxygen, but the existence of carbonic 
oxide in space suggests that there is none. The 
whole problem of comets, bristles with dynamical 
and chemical difficulties; but do not let us use 
theoretical suggestions obviously inapplicable. 
Electricity is a subject we are only just beginning to 
1 We are only on the threshold of the 
prodigality of its varied phenomena. The wonderful 
chemical and luminous phenomena, now _ being 
revealed by Strutt, as associated with the varied 
molecular states of nitrogen under electrical 
influences ; the extraordinary complexities of brush 
discharges in different gases so long known, but now 
so much increased by Raffety’s experiments; the 
varied glow of vacuum discharges in all the richness 
of their complex phenomena ; these are a few of the 
experimental effects of electricity : whilst terrestrial 
magnetism, the corona, the aurora and the varied 
complexity of the tails of comets are probably each a 
cosmic phenomenon connected with this same most 


understand. 


protean and potent agent. 
THE ORIGIN OF THE COMETS. 
The study of partial impact and the theory of the 
third body in all their multifarious conditions anc 
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variety as regards density, mass, depth of encounter, 
and all the other circumstances we have studied in 
these articles, continually present us with rotary 
masses of dense gases, from which selective molecular 
escape has removed the light gases. Such rotary 
nebulae tend always to become at a certain stage 
meteoric swarms. A couple of minor planets grazing 
would inevitably produce a meteoric swarm. The 
ends of the spindle of the third body of colliding 
suns we have deduced would be largely iron, and 
would tend to segregate into a number of such 
associated groups of particles, gradually cooling to 
larger and larger masses. It is a curious coincidence 
how many of the more massive meteoric blocks are 


iron. The immense majority of impacts must be 
oblique, and all grazing impacts must set up rotation, 
and the heavier elements left by atomic sorting must 
pass through the meteoric swarm stage. Hence, 
there is no cause to wonder at the number of comets, 
nor that space should be rich enough in particles to 
be lit up when electrical disturbances tend to render 
cosmic dust luminous. The whole subject of comets, 
their character and origin, their gorgeous magnifi- 
cence, the beauty of their ignited meteoric trains, is 
full of wonder and interest; and this is my excuse 
for submitting these dynamical deductions as offering 
suggestions that may be used as tentative explanations 
of their origin and character. 


REVIEWS. 


MICROSCOPY. 

Modern Microscopy.—By M.1I.CRoss and MARTIN J. COLE. 
325 pages. 113 illustrations. 8#-in. X54-in. 
(Bailliére, Tindall & Cox, Price, 6/- net.) 

The fourth edition of this excellent treatise has now been 
reached and forms a handbook of considerable value to the 
amateur microscopist. It would not be difficult to criticise 
such a work because of its omissions, but such criticism would 
be obviously unfair. The ground that it attempts to cover is 
so large, ranging as it does from the use and manipulation of 
the microscope to the mounting and preparing of objects of 
widely varying descriptions, that omissions are inevitable; but 
enough is said in each case to enable a beginner to appreciate 
the principles involved. 

Reference can then be made to larger and more specialized 
works with a feeling of confidence that the knowledge already 
acquired may be regarded as sound, and that it will serve as 
a good foundation. 

The first four chapters, forming Part I of the book, are 
devoted to the microscope and accessories, and _ sufficiently 
practical instructions are given to enable a student to start 
work on proper lines. 

It is interesting to see that the concluson is reached that 
an English microscope is still to be preferred to a Continental 
one, when really serious and critical work is intended, a con- 
clusion that is in agreement with the opinion of the majority 
of serious workers in this country. Part II, consisting of 
Chapters VI to XX, is devoted to methods of preparing, stain- 
ing, hardening and mounting microscopic objects of all 
descriptions, and embodies practically all the well-known 
processes in each branch. 

Simplicity is the key-note all through, and it is difficult to 
imagine in what way the subject could be better dealt with, at 
least considering the limitations imposed. The instructions 
given are essentially of a practical nature, and the expressed 
intention is to avoid the use of needlessly expensive appliances. 

Part III consists of a series of articles by well-known 
workers in the particular branch in which each one specializes. 
The subjects are dealt with, as might be expected, in a 
masterly manner, but the Chapter XXI, by Mr. Cheshire, on 
the Petrological Microscope, is particularly interesting. The 


polariscope is to the amateur a most fascinating adjunct to a 
microscope, because of the beautiful effects that are to be 
observed with comparative ease, but it is almost astonishing 
to notice that in a great number of cases the user has no idea 
of the elementary principles involved. Mr. Cheshire has 
written a simple and lucid explanation of the subject that 
cannot fail to be of exceptional service, and that has the 
particular merit of giving a concrete notion of what really takes 
place when light is polarized. In general, the book is so 
evidently the work of earnest workers, that it may with con- 
fidence be commended as a safe guide for those entering on 
any field of work that involves the use of the microscope. 
j (ee) a) 33 
PSYCHOLOGY. 
Introduction to Psychology.—By ROBERT M. YERKES. 
427 pages. 12 illustrations. 8-in. X 5}-in. 
(G. Bell & Sons. Price 6/6 net.) 

Professor Yerkes is well-known for his careful and critical 
work in comparative psychology. He here provides an out- 
line sketch which is intended primarily to give students a 
general view of the subject-matter, aims, methods, values and 
relations of the science of psychology. The book is carefully 
planned; enough detail is given to make the outline sketch a 
picture, but not so much as to hide the unity of plan; 
psychological methods of generalisation and explanation are 
brought into relation with the tinethods employed in other 
branches of science; class exercises involving experimental 
work and introspection are provided; and throughout the 
specific psychological aim is kept in view. Especially praise- 
worthy is the insistence on the fact that psychology is a 
science in the making. The student is helped to realise that 
correlations can only be established gradually step by step; 
that the complex concatenations of the mental life are often 
such as at present defy analysis; and yet that what has 
already been accomplished affords ample promise of further 
success on lines which are strictly scientific. The last part of 
the six into which the work is divided deals with the practical 
problem of the aid given by psychology to the control of the 
mental life, and touches on eugenics and education. 


C. LI. M. 


NOTICES. 


BIRKBECK COLLEGE.—The Governors, Staff and 
Students of the Birkbeck College are uniting to present 
Mr. James C. N. White, Chairman of the Governing Body, 
with his portrait, painted by Mr. Seymour Lucas, R.A., to 
mark the completion of fifty years’ connection with the College. 
The Secretary of the College would be glad to send particulars 
to anyone desirous of taking part. 

MICROSCOPY.—Dr. Charles E. Gabell, Analyst to the 
Iowa State Food Commission, has written a book of which the 
first part deals with microscopy and the second with the 


microscopical examination of drugs. It can be used in 
connection with any biological work, but is intended more 
particularly for the use of pharmaceutical and medical students. 

SPECTROSCOPES.—We have received a leaflet from 
Messrs. Adam Hilger, Limited, which describes spectroscopes 
and etalons. The first of the latter is a glass interference 
form for use with the direct vision pocket spectroscope, show- 
ing the Fabry and Pérot ring system. The second, which 
bears the name Fabry-Pérot etalon, can be used with any 
spectroscope. 


MARCH, 1912. 
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